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= (54) Title: DRUG- OR GENE-CARRIER COMPOSITION HAVING LOWERED HEMAGGLUTININ ACTIYTFY 
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^ (57) Abstract: It is intended to provide a drug- or gene-carrier composition having a lowered hemagglutinin activity. A drug- or 
gene-carrier composition having a lowered hemagglutinin activity (compared to the case without the addition) can be successfully 
constructed by adding a compound to an envelope protein having a hemagglutinin activity of a minus strand RNA virus. For example, 
a virus vector provided in an embodiment shows significantly lowered erythrocyte agglutination activity and hemolytic activity and 
thus the stability of the vector in blood is remarkably elevated. The drug- or gene-carrier composition thus provided can be adequately 
used in transferring a drug or a gene into a living body. 
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-t^-^^^^^/w;^ (Sev) cozc^.^p^:/g^^,i^^^,^,^^^ (jj^j 

^ (Shiotani et al,, Gene Therapy, 2001, 8, 1043-1050) , -^©oi^^n^T" 

xA^:L-CcOW§^iiifee>tLTV^S (Ramnietal.. FEBS Letters. 1997. 404. 
164-168; Isaka et al.. Experimental Nephrology, 1998. 6. 144-147) , 
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^(0\3itA,tltmsfaM^(Dmskm^^fimK\^fc.m%Xh^o M^it, Tomas 
hi bttFEBS Letters, 1982, 143, (2).252-256^^:*5V^-C. SeV^DH-CilTG bt. 

oit-g-fi&tt«L<<£TL-C*3i9. :L(0-)3'^(J>^W^\^\'i-^Wm^. t.fc. Git 
manbfix Biochemistry. 1985, 24, 2762-2768 ^C*5V^T. SeV0:iiV-<n-7'^0 

UfeW^^V^<o;6^#^t$^^TV^So UT. BagaibfiJour 
nal of Virology, 1993, 67, (6), 3312-3318 {C*5V^■C. HN^jItc b^SeV^#® 

f^^ix'^mt^noti^^s FWBo^Hi^bfj^^'mL^^nm^^^x, fmso 

FEES Letters. 1997. 404, 164-168JCT. mMO'y^^TJ^X-^ h^HZiS 
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m^i^^^l^^^r^^^^^^-^ (Ponimaskinb. Virology. 2000,269,391-403 



DDS (Drug Delivery System) ^mmmxh^o 

:^m^^nmmnLm^^ ^y^^vv^y^^^/v (peg) ..^^^^^^ 
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. mm^(Dm^^mAmt:isi<ir?>^bii-v^^^t^mw^\^tio i^it. peg 

-CV^SttlaI$^^fc (04. 15. *5j;t)«16) „ 

3 1^(0^^^^^"^. m-^M^^m?<^t:mn\^o^^b^^iii\^tco 
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ttSri£T^-ii:5Cli:;&^^ (Miura et al., Exp. Cell Res., 1982, 141, 409-420 

^^m^-r^ V K5>^5r^A \^1tb^h. ^<h^)1^v m^MAbT^S Lfc± 
^/y^i^-f/v;^ (0 5) *«^^HJ5&-^»igtt(±^$^cd^o^c{ct>^:»d. 
t>P>-f mi. 10. *3j;io?ii) , y;«fyK:as^t5 5:^6<J«c^LTf± 

St-^v^-^-t-v^'>^xA-T?fc5 - ^ 'b^tfci bTfeJf 5>tL5o 
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(1) •r>f:^x^jiRNA!>^/v:^©^-^^/i^=^>^tt^*i"S3ii^-^i=-^se® 

izit^mM^nx^y). (b) mit^m^m^tix\^^ti\^^Kit^^-^ 
^;v'^:^ym\imr\.x^\). (c) ^^j^itiiite^sr^st^-rsm- 

(2) (d) m\:^m^HM-^nx\^^fi\^^\^it-<mk.m:i^-r^^sk 

Xh^. (1) (2) l::IB«©i©^ti> 

(D=^:^-<x2^y<D^^^^tfs (1) (2) Kmw.(oB^^^ 

) i^h (4) <Z)V^-fi^^^^^^l2S<^^'^- 

(6) m^^y^^y^^^^^^^-^^^^^^ ^:y^y(^^jv:^Xh^. (5) {j: 

(7) ^®a«^c#i^$^LTv^s^b'g'^fe^s^^*l.8oo^^x±T♦fcs. (i) *^e> ( 

6) ©v^T^^^^^:|B^a>ji.^^ 

(8) ^ge«}-'W•^^^;i^-CV^;5^b'a'tI^S5H^l:4.500^±•r'feS. (7) 

(DBMS. 

(9) ^®e«iJ:f^J!iP$tiTV>6{k'a^:55^4l6,000£Xi:-efc5^ (8) (;iia 

mommas 

1) d^'b (9) <D\i^-ftif>''\^1SM(^B^^- 
(1) ii^h (10) m^ftb;?)4cia^(DM'^x 

(1 2) t^Ms^ds. j^BSjziife'a-fs^b'a-'^t^t-m-a-fl^^?^^^!-"^^'^- 
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) (11) (D\^^i'fiMzm^(Dm^i^. 

(15) mms^K^^^■t?>it■^mi!>K m9^mm<o^mw<o y v K-^fos. ( i 
2) }0>e> (14) (D\^-rtiMz.wMom^m. 

(16) ^ y K:6S^^T'& 6 . (15) .iz^oimm. 

(18) ^«s:^fc«^0»r>tdSF(ab')2-CfeS. (17) {C|Bm<0fetft*fc{4^O 

(19) jb^^;6S«*®©^^fto V KT-feS. (17) 

^fcH: (18) \z.mm(D^i^^fcit^(Dm)i. 

(2 1) (a) W^;^^A!i^-r/W^O^-^i//V5^=i^SftSr*1-53i:^-<n- 

me©^#i-5miiii*'^tfSi5^j*fe«3i^3imia^t>-cfco-r. (a) ^® 
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o 

eplication competent) i^^;V;^-efcoT*> J: < . feSV^^^:^|g^^$'fcV^ (r 
eplication deficient) ^^/V;^T?fco-Ct J:V^ m^^^^^^^ 

^j*^fiJffiLT=ff5ii::55-c#6 (BI^§B## W097/16539; S^^PB#^W09 

7/16538; mm'^mm^ wooo/70055; wooo/70070; ourbin. A. p. 

et al.. 1997. Virology 235 : 323-332; Whelan, S. P. et al.. 1995. Proc. Na 
tl. Acad. Sci. USA 92 : 8388-8392; Schnell. M. J. et al.. 1994. EMBO J. 13 
: 4195-4203; Radecke. F. et al., 1995. EMBO J. 14: 5773-5784; Uwson. N. 
D. et al.. Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin. D. et al.. 1 
995, EMBO J. U: 6087-6094; Kato. A. et al.. 1996, Genes Cells i: 569-579 
; Baron. M. D. and Barrett. T.. 1997. J. Virol. 71: 1265-1271; Bridgen. A 
. and Elliott. R. M. . 1996. Proc. Natl. Acad. Sci. USA 93: 15400-15404; H 
asan. M. K. et al.. J. Gen. Virol. 78: 2813-2820. 1997; Kato. A. et al.. 



PCT/JP03/05527 

WO 03/092738 



. 1 IQQ? Geiies Cells 2: 457-466) 

1997. EMBO J. 16: 578-587; Yu. D. et al.. 1997. 

« Q iQQ^i D 4822-4830) » -s y ^ ' 
1. 67. No. 8, 1993, p. . .^^7 V-A (ORF) (^^« 

NP, P. F. HN. fcitame^ ^ ^^*^^<D|&mfc 
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•^m^m^^t^^/i-^^i^^-n. im4'i-'^^tus^®e«<^5*>\ ^^^^^ 

i^Sl. #^Bg62-33879f-^^> *3 j;tJ?i^Bg62-30753-§-<^^) . *5iU^7 3->^ 
?iiS^^#5^*5itJ^/^^=lf^^<^^^i-'^*^-^^*'* (W097/32010) ^^^J^ 

einmaggulutinating Virus of Japan)- y ^y-i^'teifs ^S^b!>^/V^^ffiV^:fc 
^^^^^^ (1992) pp. 282~287#BS0 o ^fc^^tt^bUfc^^^i?^^ "^^T/V^JiaL 

•^^tj^yji^y-^s.^^^^^i^^^-'^^ (Mgfe'^y^y'--^) ^^^^^^ 

tlTV^S (^fflg^^ rBIOTHERAPY, 8, 1265(1994)) o fe§V^^4^^E#e7•^'>'^;^<^S« 

(virosome) ^mn-r^^tiZ^^MmX-^ ^ (Bagai etaL. 1993. Bioch 
en. Biophys. Acta 1152, 15-25) , ^^-T^mm^AJl^^^ Trit 

onX-100 ;^j;^<7>|1L®mWJ-C-5r^<bUfc^. ;F^^4(DRNP^ii>L^l^^i-5o 

i,v)i^^it^m^m. ifny-A^^iS-r5wid5-e#5o ifpy-i^ftS:^^ 
=g^:^-'fb-r5fc»?>tJ:, ^'L^:5>il (M:t{il2000rpm. 10^^) lc:j;?)3gl[^-9--<X;55 
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hfix\^h (H^M#-§- wooi/92508) o •^-r-:?-;^iiRNA!j?^/v;^©3iv^t3- 
p ^^m&l^^^^-t^^^^^ ^ - u^-f <^^^ 5/ 'jr-i^y ^»-e 

1/ hniJ^'f/V^^dS^Jf btVs A^6^ti::«:^C'-^-^!^^SiL^^^^^^^ (Moloney 
Murine Leukaemia Virus; MoMLV) iSitJ^^lJ';^^^!?^^/^;^ (Murine Stem C 
ell Virus; MSCV) tr-^tf:^:/=i l^-^/VXffiS- (Oncovirus) l^^^-^Uhxi 

^ (human immunodeficiency virus; HIV) (^J^J^HIVl*fcfiHn2) ^ 
^^iJ^'T/V;^ (simian immunodeficiency virus; SIV) . ^a^^^^l^-Y/V^^ 

(FIV) . -r^cy^^ . ^^Bm^k^Sk^^/^^ (EIAV) . ■^=3fi8 

iS»2^^l^-^/^;^ (CAEV) ;^^if^'^tfVi/5^!>^7V;^M?^ (Lentivirus) icMi" 

^uhnf^^C/^^ (2^|gPJ^^::^v^TW^^>^/^;^fcff-Si) i^^ffbtbSo Hiv-i 

tbtfi. ^TOt^v?^- (M) f-:/i5'-ry (A;6^feJ^^tf) X m^XJ^ outlier 
(0) ^5-^**1/6 (Hu, D. J. et al., JAMA. 1996; 275: 210-216; Zhu, T. et al 
Nature 1998, 5 ; 391(6667): 594-7; Simon, F. et al., Nat. Med. 1998, 4( 
9): 1032-7) „ Sn#ilt5^t UTf±. SHagm. SIVcpz. SIVmac. SIVmnd. SIVsnm. 
SIVsyk^dS^J^T'#5e t.fc. (Spumavirus) K^Mir^^Uh 

u^y(/l^^f£lfX'hoX^X<. — (Foamyvirus) 

t.fl^ (DE4318387; W09607749; Virology (1995) 210, 1, 167-178; J. Virol. 
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(1996) 70, 1, 217-22) 0 y^-^-^^Jl^:^iC^mi-^^^/\^:^^^^—t^, 
hnt°s/;5^:ii^-<0^:/gS^^ 7i^^^aff^^f7^/l^y^ (VSV) ©G^SE^^ii^ 

UTfi. M^tt-^^:^^M.m^^/\^:^ (MuLV) 4070At^A5l5<^j:i^^o— 
^^VN^CLir^JT'tSo tfc. MuMLV 10Al*5|5Oal:/-<^-7°mSICIr^V^5C 
^'b^etS (^ajX-ffpCL-lOAKlmgenex) (Naviaux, R. K. et al., J. Virol. 70: 
5701-5705 (1996)) „ hT^\^t/ ^=^>^tt^ym&Mtl^X}t, M^ff^n 
:^—^^:^BsfSLM^^/^:^ (MoMiiLV) *5fecDaii^^t2— 7'g^^tr>^VN§C^;5S 
•etSo 7K?SttPI^3^8!i7-T/V^GMe (VSV-G) tLXl-i. mK.it IndianaJk^M 
W (J. Virology 39: 519-528 (1981)) *5l5©SfiMV^SC i::6S-et-5o wtT. 
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'y^A-SS^-^'V.;^^*-^*!^ ''^^^ 
^««bd»vjrite)»*»S*Prt*^^'''^W'"'"^" sto»titis virus), « 

;.tt,mblv, /^^^^yi-f'"^ (P»rM,«>viritoe; Para«ncovlr»s. MorblU 

Jovirldse; Vesiculovirus. Lvssavirus, JSiW Ephe«rovirus«S*«M , 

(Firoviridae) , V f-^'--^ (Orthcnoviridae; I« 

• „ i R r ioit;^ Thogoto-like virusesS^^^t?) - 'f-^^ 
fuluenza virus A, B, -io^u- "»"6 

^.V^ (Buuvaviridae. Bu„va,in.s, Hantavirus. Nairovirus. Sait. Phl*«vi 
rusR**^^ , TV^.^^- (A^-viridae) ftif^ftr^.i"*^^^^*' 

.^^^^.v^^HAMSS- 9^KW.v^«<ae 



3:: 
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'1'/I';^^^ti-. /-^^ ^ ^ y ^^f^T. t bXtt. m^ti^^V (Param 
yxovirus) JR. ^/Vlf y !>>f /V;^ (Morbillivirus) JR, :ioXWl^:fy^^J^:^ ( 
Rubulavirus) Ji. ^-z^—^^HJ^^ (Pneumovirus) *5 itJ?^ i5':^:x— 
^/W;^ (Metapneumovirus) MdS-^^tls :ft^i(c6«JtJ:ft-fei^^^ iJ^^/Vy^CSendai vi 
rus). (Newcastle disease virus). iSfcJSp<f)>''^^^ 

/V;^(Muirps virus). 1^7 ^/VX (Measles virus). RS'^^^/U;:^; (Respiratory sy 
ncytial virus). 4^ iJ^'f/^;^ (rinderpest virus). i?;^T'i//^'-!?^>'V:^(dist 
emper virus). ■!^/W■«7^ ^^^/Va^^^lf /V^ (SV5) . t 

GenBankT^-fe$/i/3>^## D26475, M12397, M30202, M30203. M30204, M 
69046, X00586. X02808, X56131 J^Cine:|B«$tLTV^-5o 

#5o y !j7^/V;^©budding(c:j3V^T{*. J ^=7^ ^^^—^i^i^TJl^ 
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:^mm\^^^^X^'r^;V^=^ymiitti. ^-^^/V^^^-^a (Hemagglutin 

m, m=-m m, pp. 214-225, %m^^^ » 

ta^fi. ot:. 4=0^ ^ta> *fe«:37'C3&af. geici-<J:9iitfc^#T'fi^5o :ir 

'^•r^/V^^^ySttOSll^rix Tendo-point (Kato. 

A. et al., 1996, Genes Cells 1: 569-579; Yonemitsu, Y. & Kaneda, Y. , 
Hemaggulutinating virus of Japan-liposome-mediated gene delivery to vascu 
lar cells. Ed. by Baker AE Molecular Biology of Vascular Diseases. Metho 
d in Molecular Medicine: Humana Press: pp. 295-306, 1999) ^}^^%Wr^ 

^x^^M) Kmvx\^?>m^i!>^is'^Mo -titmm^^^i^if^^ a^tim 
x\^ti:\^m^(Dnfm^i^tit-<. -^^^jv'^:^:^mmm^\^<i-ii/2y>T. ^ 

v)0t.V<m/ZUr. j:«)0*U<ftl/5WT. j;«50*U<m/loeiT. 
0^L<m/2O^Ts J:^»*b<m/50i^XT. J;9«L<m/100eiTx 
^*b<{4i/200OT. j;«)^^U<(ii/500iJiLT. i:^mt.\^<m/iooouriz. 
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tt»*U<tt70%BT. iO»*U<tt60%aT. ±^»*U<m/2PJT, £ 

o»*u<m/3OT- «»*b<.*i/5OT- «»*b<m/io»T, « 
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la^a^-e'. -r^i^. Bfofc^BSf^^ (S^Tkig^) . 43J;U?^^^F.^;(j i^ryy" 
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0 :i(Olt}^\at. mKS ^IceSfM-^^^^^SXSSr. ^SfiSt^^tf 

i-5fc 'fk'^4fei<05>^*i^^L.< m,600 (^/vb:^; Da) £Ui> 

* L < «i. 8ooujL±. i 0 $f * u < til. 9W±. J; t) u < m, ooo£i±-efo 5 

1 9 b < «16. 000i^i_h. J; 19 $f ^ L < ttl8, 000^±. i ?) $f ^ U < fm 000 
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. mT^^);VT-^y\ m^^:^jVT;V=.^jK 

O 

HM-t^^^s^t\.x\^. (PEG) ( 

J.M. Harris. 'Polyethylene Glycol Chemistry. Biotechnical and Biomedical 
Applications', Plenum. Ne,. York. NY. 1992; J.M. Harris and S. Zalipsky. ' 
Chemistry and Biological Applications of Polyethylene Glycol', ACS Books. 
Washington. D.C.. 1997) , PEG«7k^^4T♦$^±^S^£V^tfctt;^CV^fc^^>0^i(c^ 

-(CHjCHjO)- Wb^/^1] 
(^:iTnli2£i±Og^|^) 

HO-CCHaCl^O.-H Wli-^<fe2] 
(^:^T'n«2JJil±©g^|^) 

OnPEG) :*:|S5g{C*5V^T^5i^^:^v^e>*^,5. PEGM^;t^-efeoT 
fe«k<. fe5V^tt^^S^^^oPEGT$>oT^>iV^ M^ifl. 2. 3. ^fc«^tL£l 
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2000) . PEG3000 3000) . PEG40O0 i^^m^^Mi 4000) . 

PEG5000 i^m^'f-m 5000) . PEG8000 (^i^^^l: 8000) . PEGIOOOO (.^^^ 
^* 10000) . PEG20000 (¥:^^^fl: 20000) :^if S^^f^i^^:fflV^5 ^ 

Ig-r-fcS (Buckmann. A. et al (1981) Makromol. Chem. 182:1379; Zalipsky, S 
. et al (1983) Eur. Polym. J. 19:1177; Eidelnan, 0. et al (1991) Am. J. P 
hysioL 260 (Cell Physiol 29) :C1094; Pillai. V.N.R. et al (1980) J. Org. 
Chem. 45:5364) o fe-5V^ft. N-hydroxysuccinimide (NHS) m^^it^^'TJK 

tSo A'f^fitJZlftx PEG ;&/V3a?>'^©NHS:n;^7'/V, tTtiM;trf PEG-Succini 
midyl succinate. PEG-Succinimidyl carbonate. PEG-Succinimidyl Propionate 
. ^i.X)^ PEG-Succinimidyl Butanoate /£if;55#if (Olson. K. et al, (1 

997) J. E Harris & S. Zalipsky Eds., Poly (ethylene glycol). Chemistry & 
Biological Applications, pp 170-181, ACS, Washington, DC. ; Harris, J. M. 
and Kozlowski. A.. U.S. Patent 5.672,662) o l^ti. PEGObenzotriazole carb 
onate mmm-is m&M(OT^/^t^Mf3:^l-^^^^^^^^-^^ (Dolence. 
Eric L, U.S. Patent 5.650,234) » ttc T/Vrt KSSr^t-^-TSPEGSr^ 

jS$-a:5^i*^'^t5o fci:x.« PEG-Propionaldehyde 

dS-et2» (Harris, J.E et al (1984) J. Polym. Sci. Polym. Chem. Ed. 22:34 
l; Kinstler, Olaf B. et al. , U. S. Patent 5,824,784; ffirth, P. et al (199 
1) Bioorg. Chem. 19:133) o PEG(0Maleimidef|^«^}±^^-/VS(C^1i-r 
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5 ri:;i5-Ct5 (Goodson, R.J. & Katre, N.V. (1990) Bio/Technology 8:343; 
Kogan, T. P. (1992) Synthetic ComnL 22, 2417) „ PEG©carboxymethyl-NHS^ 
norleucine-NHS^^^f:, tresylate^^^fc, epoxideSl^flc, carbonylimida 
zole^^lt:, *5it;t FN? carbonate^^ftrj^it'^ffiVN^r t 5. PEG 
TresylatejSiU^PEG Succinimidyl PropioIlate^^^i@^^:^V^6^: a:}JS-et 

t^^^/vy^m-^ img^e/mi u&(Dmmxmmu ^L/cv^t^-a-ti^ o.i~i 

OOmg, ^*L<m~50mg@||»b-CM-a'$ii:-5:ii:;55-T?t5o i^-fyV 
^ ImgSfil-S^LT. pH8. 5©^»?ert{3t?, SPA-PEG5K^l~5mg^Kl&^iir5C t 
«t t) > * fc. SPA-PEG20K^10~20mg@SaE£: Cl t J; «) ^-^^/V^^ v 

i©»Jt(±. -fb-^tr^/VlS:. !>-r/VXl:^^^/-?i5^aiLfc^{C l~10;imol 
*L<f4 3~8/zmol/ingMS®, M^f^|^4Mmol/mg^aKii-§C 

(O^^Mti^^ L < {:iioo. ooo£^T^ J; D L < ttso, ooo£ATs J; D L < « 

60, OOOfitTv J; «5 * L < tt50, OOOOT-efcSo #{c:^^»;aS40, OOOj^T. J; 0 

0^ L < m5. ooosir. J: D L < «3o. msxr. x^»tL< ms, ooosxr 
m.^^(DmAmM. ^ y ^^5" ^ w $ (ped if oTOi^^i^ vt%>\c^^ 
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(::::T'nt±2ei±©g») 

;^Jt) > <tt)«^*b<{i 0.01-0.2. i 00* U<W: 0.01-0.1 ^-fSr irdST 

§5o PEI(D¥:^^*i^!lx:{i25 kDa~750 kDa (Dh(D^MMK^^^^^tf)^-(^ 



wo 03/092738 



25 



PCT/JP03/05527 



&wtf^it^mt^^\^x\f^?>ii(Dxh^x mmK^^-r^mm^^-r^ 
, ^;v^=. i^^mm-r \^fmn^fz}-mm-mmmm(om&)5^x'h<> 
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(a) (Dm\m^Xhi:<. fe5V^{iXa (a) ^tclt (b) tI^^fcSV^{i ( 
a) t (b) O^. -SfcfiXm (b) (Dm^n^ri>X\\ 0*b<(tXa (i 

) \txu (a) (z>if)tfTi5ti6o fcsv^^*. ^>?)xm (i) i>mt>tiitit^m^ 
t^ffiv^:5ri::a5-et6o ^(oxomt-^thxit. m:timimmmm\^^ 

-rso m^. ^m^^KHM^fix\,^^i\:-^Kmmi^\mi^^\^x\>^^^ti>^ 
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:^?felC^JfeoXtT5^i::i^-r'#a (Harlow, E. and Lane, D. (eds.). Antibodies 
:A Uboratory Manual. Cold Spring Harbor Laboratory Press. 1988; Shepherd 
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, P. and Dean. C. (eds.). Monoclonal Antibodies: A Practical Approach (Pr 
actical Approach Series, 227), Oxford Univ Press, 1999) o i^V^^—t/^ 

mi 2KB^(0m-l (Miura et aL, Exp. Cell Res., 1982, 141, 409-420) 

m&W) Kf^-r?>m*). ^(OmWm)^XhoXi>::\\ m^tf. Fab. Fab(t). 
Fab\ F(ab')2 . ^^W^^^»fJt (Fv) . ^^W^M^»f>^- (single chain Fv 
; scFv) . ^fci-i^tihommm^-^i^f^^^o Fabi-i^Wm^^Mtr^t^lo 

-r-feSo ^tib(05}^y-^7^^msv^icj^'^Lio(^^^'^{4 (iffi) 
^i-5„ Fabtt. m^i<]im>rA/^p:/y^^/-«/^^^T«-r5^it-<t'5# 

FaWt-fA/^a:/'; ^L^t. m^^^ (Vj ^SiU^ CHl^^^tf^ ^ 
5^K0^:^SJS^Ufc:-*^^^Me«;a5^*i^5o Fab' U A/ ^pT^P ^/=Sr-<7'^/ 
imr^O^^:^/^^^ K^^2r§I»fU-C#btb6) . *5<i:U« Fab(t) (-f 

A/ i/n>^y v<?? h y :;'e^i/?mkT-#fetb^) 35^^t>> Fabtp^^^fliat^^i-s 

„ ^fcF(ab')2i:«. ^^O^^I1^^^^1-5^fl^^f^«^tbi:l^^<^?^B(^^ 

-mMvmm$.^'^ts i oo^^ y -^i/^^ Ym- h ^ sa^i^^ 2 o^t-r 

■^•fl^^m^o F(ab')2{i^rfS^§l5*52ofc6rffifci*-Cfc!}. AM6<l(iIfitn:<^^ 
pH 4#ia-C'<7'i^V{Cj:9WUT#bn. ^motyv?|M^^=tb-CV^S:^5. fife. 
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2 185-195-^-^^ (^^k^l^A) J *5J:tJ«/*fefi ^Current P 

rotocols in Lnmunology. Volume U (John Wiley & Sons. Inc.) J (D^^l^tt 

^«j^or 5 mm\^m\^. u-nsm^^nM-f ^ 

^Jx«±l20J:5mb. Fab(t). Fab\ F(ab'), . Fv. scFv 
, TV«:/;=^^m (Drug Delivery System, 10, 91-97, 1995) . X='-Y (The Jou 
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mal of Biological Chemistry, 267, 12403-12406, 1994) . V A (The Drug 

Delivery System. 10, 91-97, 1995) . HMWA (MX^. 13#. No. 4. 277-28 
5, 1994) . 7*^^^ KDNA (Methods Enzymology, 221. 317-327, 1993) ^ RNA-<^ 
^w-^ iS^XJ^^ ZiVht^-Y^JT^ (Proceedings of National Academy of Scie 
noes of United States of America, 89, 7934-7938, 1992) §6 (Journal 

of Biological Chemistry. 266 (6) , 3361-3364. 1991) t^m^i^. h^^^\t. ^ 
^^^^^^Ms (^:?7xyrh=Sri/>';BiochimBiophys Acta, 119 

2, 253-262, 1994/ y i^:^ ;Biochim Biophys Acta. 1070, 246-252, 1991) . (Im 
munology, 81, 280-284, 1994) . fc5V^«^Oflfe(Z>mMO*S?S»«^fflV^6;l 

^l<J. jm^s w^mp^. m^p^. 'titti^rmi^ni:>fi^^i>^'tifi^imM^fi^ 



wo 03/092738 



31 



PCT/JP03/05527 



mm. ^^^^^ ^^^^^^ :^momm^^^ * 
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17 e^Xy. -^^7.. yy"^. -f^x -^9. i^^-x ^"^^^ t^;/-:;?. 

»f>t^-efcoTJ;V\ A^6^J;i{tx m^^^^ Fab(t). Fab\ FCab')^ . Fv. sc 

Fv fizi^mih^'^. F(ab')2 ^mmLm^^^M. Mf-^-^-rs^b-^ 

^tii^X'^^o ^(Di:^fmWtVX\t. mx.}tyi^. T/v^-zK i^y-tn-zv 
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(10. 100^3 <ttJ?looo^&«JfiL») T*LLCMK2^iiaie:jl^^^A^<^)LacZlS^Sr 
m 7 it. HN-l. HN-1/F(ab' )2 4o iTJ^^ONHS^}^ J: 9 Lfc^M^M^f^ 

mxlO^ IX 108*5 J^mxiO^pfu/niL-C. '^^^^-m^-f*V^>lX10*pfu/mL 

^^xmsiVfc-<^ ^-(Dm<Dmt^^-tmxh^o w^itmim^. mmitm 

«^IS<4<^log^lB (logjCHAU)) ^^fo 
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01 8 ft, PEGlOKWSeV^in vivo^^^-riaT'fe5„ -(^SUSeV^J^g-^^^i^ 

01 9tt. PEGlOK^^iliSeVOin vivoWiiSr^l-^KT'fcSo 01 SfC^bfc^ 

02 Oft. PBmmseY(D4'c^^mx(Dmmi(ommi^^^-rmxh^o 

02 1 {4, ^V^'^uyyf^y (PEI750K) ©^filr$&:S:^^M-ig-elb5o PEIft 

mmfi^ifi-/l'Hr%lacZm^ (NLS-UcZ) tr^^LfcNLS-LacZ/SeV«|5E#0 
:frfefJ:J;!3f^Uyc: (Kato et al.. Genes Cells, 1996. 1, 569-579; Hasan et 
al., J. Gen. Virol., 1997, 78, 2813-2820) „ :L(D^^ ^^^^t^^^^^ (lOH 
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^omm. ±?i*io,ooorpm. immm>t^vx^i!r ^^^^tm^^tco m\mm 

m^s EH^S^ia (30/50%) \LmmU 25.000rpm. lf^P^^'L^LyS: (Beckman. 

A protein assay (Fiercest) (CTSO^UfCo ^^m^^ (HAU) fifi^T^^i 
^m^^'^^f^ (^50m1) o ^well{c:PBSX-Sfe?%Lfcl%-!7hy#iL«=lr50Ml 

^a!{±. SeV lHAU=^10«pfu<^P#=lr^V^fCo WlS-^iJ^ i?-filmgMe/ml=4096 
~5120HAU/ml =)iS^)5 X 10 Vu/ml"^ o ]fc.o 

Ilife'^J 1 OSeV-<i5' — O;:^ h y ^PBS-e2mgMe/mU-#^ blfco - <^^?R0. 5 
x^\ZSi.m^0^mW. (pH8.5) ^0.5ml*P;tT. Imgge/mKDpHS. 5^?g^Ml^ 
fco b V^yA^m'mm^ (TPEG^ 5^^*5000 : Shearwater Polymers^) Img^ 
±IB^lcmL^d5f>/>l:Toiiq;i. ^?a-e90^>RjS^=ffofc (01) o SfS 

JiilT=^. Sf&^S^TkJ^PBS 14ffll-e«bT. 15.000rpm. l^PflC»S'L^ (Beckman. 
a-i5^-SW28. 1) J; t) -<i5^ iJ'-SrlUJRL. 0. 8ml©PBS|cS^?Sb-CTPEG^IieSeV 

[^JS-e^il 3 ] TPEG^itiSeV^^ ^J^-iCtS^Vt'hn a^^lg^ 
Hjfe'M 1 <DSeV-<tJ^ h y ^ ^PBST-#IRU-C. 1 X lOWml 1-^^-° ^ 

ii-^il 2 (DTPE&(^t(|iSeV-<j5^ 9-\i.imm-^9 9 - SSliS trffilx: 5 ^ "C ^^-T /V 
x^J&^^5rl^-t^UfCo ^mtflBt-HeLam (t h^t^glJ^**) ^12well:/ 
V-h (-^^-^-iJ^y^ h) l:ilwell&fc95X10WiC (10%l^«!l^b i^l^iSlfiL 
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|B^^^.-«Rm50^1/™in?*«- (S»V^i'i'-«»-05Xl(ft>fu/well, n»i 
=0.1) , are. 5» CO.^!SJfe*tT-pfc. l*iI«C'<^?-»t, «*^2B* 

afcP2Bi©»ai***.. arc. 5* co,t?24i*iBS«bfc. uczac^isa 

©JSStt- GaUcto-U*t Plus" (tropixtt) h =-/VC«o-Cffofc. « 

JSaeroSISltBaS (Mercea) KSSofc, iS*B»lBaet.it?> ©light unit 

(RLU/ M g protein) t:^ bfCo 

mi 



(mg/ml) 


HAU/mg 


(RLU/ ug cell protein) 




5120 


2335604*72774 


TPEGi^liiiSeV^^^- 0.99 


2 


1046353±29841 



tf^-StrSTOnmJZlfcnt-S^* (0D570) j: «9S!l^Ufc» ^iib\ 
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^jfDLlSli (%) = { (^^J^jJ^^-^t^ODSTO) - (PBST-<^0D570) } / { iM^ 
7KO0D570) - (PBS-C(O0D570) } XlOO 

TPEG^f^SeV-<^J^^-^^^J&LStt^i#S^^:^SV^::i:;6St>^*ofCo TPEG^i 
i^SeV^iJ^^- 1000 11 g(DmiaMi^\tSey^^ ^-5 Pi gi^^'^-t^^ti^h. 

[«M 6 ] SPA-PEG2K{^fSSeV-<i{^ ^ -Oflj^ 

HJI-^J 1 C0SeV-<^i?-OP^ b y;5^^?^^PBST'^f^bT2mgMe/mlt-P^Uf^ 
0 ib^?S=lr0.5M(S5mJ^?^ (PH8.5) X2^mi\^X. ImglieM^^PiSl 
LfCo 5^^^*20000^ ^J'*/^ 5 i^/V-"^ttt'^i^®^^«<*^PEGf^ (SPA-PEG2K. S 
hearwater Polymers^fc) U 2^fcfi4nig^±IE^I^{e:»^^b^^d5 f>/>4-f o*n;t. 
^?t-C^305^Sf&^=fTo^ (01) 0 SiSi^T^^ ^^^SttKJ^PBS 14mlT*W^ 
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^TV^. 13.000rpm. 1^F^<7)^'L^ (Beckman. a-^-SW28.1) K^*)^^^-^^ 
JRU. 0.8ml©PBS{cSSi^t-C. SPA-PEG2K^^llpSeV-^^^-tr#fc (^2. m 

m2 







PEGKiSSCmg) 


HAU/mg^V/ti' 










4096 


loao ± 7.5 










SPA-PEG2KlgSS 


1 


1 


1024 


29.1 ± 2.6 




2 


2 


512 


4.7 ± 0.2 




3 


4 


<1 


0.5 ± 0.01 


SPA-PEG5KttfiP 


4 


1 


2048 


115.4 ± 14.2 




5 


Z5 


2048 


93.1 ± 45 




6 


5 


512 


42.7 ± 4.9 




7 


10 


<1 


1.6 ± 0.1 




8 


10 


1024 


95.3 ± 9.7 


SPA-PEG20Ki^ffli 


20 


4 


48.3 ± 1.5 




9 






10 


40 


<1 


05 ± 0.02 



7 ] SPA-PEG5K^II|iSeV-<^ ^-OmU 
^M6OSPA-PEG2KSr5H^l:5000©SPA-PEG5K (Shearwater Polymers^fc) 13:3^ 

HU-c. PEGRi^;*^l> 2.5. 5^fcmomgx•N«i;lS^&♦W^^TV^. spa-pegb 

8 ] SPA-PEG20K#«(iiSeV^j5^ 9 -OflSSi 

6 OSPA-PEG2K^5>^^20, 000(DSPA-PEG20K (Shearwater Polyners^h) 
PEGKJS*^ 10. 20^fctt40n>gT'l^#(^^ • ^»$S^^TV^. SPA-PEG 

20K^^SeV?r#fc (*2. ^(^£#§«~10) o" 

04 {^SPA-PEG20KW-<^ ^-lrSDS-m^^«J^m\ ^^J- 

e^^^bfcjgm^^i-o PEGSl^?ft<^l8^^-#^^^ HN^eics*-r5/^:/K^5 

ftOlcift^M^lJi^^vKdswmbfeo PEG^^-^bfcHNme 
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{i:©HAU«:{£TUfCo UcZite^m«SeV-<i5^^-l^Jt-<2»i:<g:Ti-5d^ PEGS 

[^WJ 1 0] jiiL^«TT-(DSPA-PEG^^tlSSeV-<^i5'-l-i:S-r Vlf h i^it^ 

10Wml{cP$SlU^PBSi5fcl^^!7 h y#jfiL^Sr300Ml»l-:/S:o 

(mm^U 2. 4. 5. 6. 8:j3J:m) ^SOMl^n^^ ST'CT'S^'^S^^r^^ 
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22.5 ± 4.2 


SPA-PEG2K^fl' 


1 
2 


47.6 ± 2.0 
49.2 ± 13.8 


SPA-PEG5K<^l5f 


4 

5 
6 


34.4 ± 3.4 
46.7 ± 4.0 
53.9 ± 4.8 


SPA-PEGaOK^Sl' 


8 
9 


46.1 ± 9.7 
49.6 ± 6.1 



(1) SPA-PEC6K»»eV'«?^'-®»Si 

tea, «te*««*«llfcte(.2 riM^T, *bK37r, S« CO.^ 
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Sm^^-Gal staining kit (Invitrogen) d j; >)X-gal^SrfTO^ho x200f& 

LacZ^^^-Y^- (CIU/mL) = mPkm^ X854.865X (^«) 

0^° CIU/iiil53iTJ«2. 7X 10» ClU/ml-efcofco 
(2) tf?pStft:#^ET-eo5t^^A 

■es&J^UT. 1X10^ CIU/mllCP^LfCo -^iS^iJ' -^30^11-. SeV^^^^K^ 

mLxmmvf:LW.Seymm (set:. ii^Mm) olo. 100*5 J:mooof&*m?» 

SfcfiPBS 30;.1^»U-C. ^ia-C'lNFF.^mbfCo *^ttl0mCMK2*|BliSSrl2^ 
ellZfU-V KUellhfcy)2X10'mjm (10?4 FCS»IMEM 

mm Iml/well) t?V-KU^o ^**0.5mllC?^bbs *irE^^**!!!S-<iJ'^- 
^|g40/zl^!J^^^H;i*HXL. 37'C. 5% CO^T'l^M^^^foyto OT. 
1- (1) P^lC20=^©UcZ3t^limSrX-gaimfeTMbfco 

<<£TUfCo SPA-PEG5K{^SeV-<i5'i?-f4»M«TT'^+^^5te^ 

^^/i^a— HN-lS:m^■r6/^-r:/y K— (Miura et al., 
Exp. Cell Res.. 1982, 141, 409-420) ^Hybridoma-SFMitife (Gibco-BRL) "037 
•C. 5% COiT^mftrnm^i^ff. 2X10'' '«ic/mlom#3t^l000ml?r^Mb^o 

2mmm^^mnit^. 3,000rpm. 105>O^'^^^5'il{^:J:«9#f^:±MS:0.45 
;xm(??7^/Vi5'-T'Mii^tTofco ^7 ^ a^-^-/Vfet^<^MM{*Protein G:^;7A 
^n-7h-/^7^-Jcj;»)^fo^o J§«±flltr20iiM«PA/i^-?-hy (pH7 
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.0) T?W{liLfc5mloProtein G:^'7J>> iyr^^^yT) ic^U ( 

-a-^^fco 2011MU i^'m- h y ^^wmt (pH7. 0) -egfe^bfcm. 0. iM^y v^^-- 

(pH2.7) T-^ft:^^tfcitfCo ^tti^^lM hyx-it^M«^S (pH9.0 
) T*tf PS^Mjg .(-k::/ h y 2 0 . i^^^l:;* y h30. 000 : T ^ =1 :/ 

) T'igjNlufco PBST-WlbL:fcPD-iom:*7A -ePBS(cx^i/7 

• :i(f:/-^:J^ci:/y :/^^qni LT. BCA protein assay (Piercett) (C. 
i 9 ^Je)fc^:i:. 37. 6ing/mlT'feo fCo 
[Hife^Sj 1 3 ] JKHN^ / ^ D — HN-1©F (ab' ) 2 7 y i/p? y ^ -fb 
Hife^Sl 1 2 (DlSM^/ n— :J-/W^m-lSrO. 2M g^^^W^g (pH4. 5) T'« 
L-C2iiigg e/ml bfCo H e^2. 35ml (CO. Img/ml Lfc-<:/i^:^ (Sig 
matt) O^.TmWl^WL (pH4.5) ^2.35ml^L-C. 3rC-e21^ISSj£^ffofc 
o miM^-fV^^^ 700/zl-e'^fP Lfc^. PBS^j!)P;iT^25inli UfCo ^(D 
^^PBS-e^lS'fbLfclinlOPirotein A;&7A (7t>'W^'T) lcA#U 

i?l>J|ji{ci?)^5^Lfce ^fti^^Sr^blc, PBST?5m'fkUfc-fe:7TX5/i5^;^75:*7 

. HN-l<DF(ab')2 yv^:^V\^ (^THN-1/F(ab' )2 ) ©PBS^ ^300^1 EUR U 
fCo lliS«3|l 2i^«{^:^e^g^SlS^fTofcMm^ 4.08nig/mlOHN-l/F(ab')2 

[Hife^j 1 4 ] NHs^ic ± :^%wm^=^ --rjvm^omn 

(1) NHSfi|t^b3^m<^^^ 

-^^fi:RobertP>©^fe (Journal of Biological Chemistry: Feb. 4, 269 (5), 
3198-3204, 1994) (ClpCT^TofCo IP^>. (Sigma^h) ^i^^f^/VJ^/V^^ 
dre^K (DMSO) {C^iPLTs 50mg/ml©^^fi^bfco 250^1© ^ y ^"5^/^7 5 
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y (Piercett) x 470mg«Di;^V^ o^=3fi//w;«7;V#-;?^ 5 K (MMitl^) . *5<f05 
260mg©N-t Kct^i/^^^iXW^ K (NHS. Sigmatt) ^m\^M:t. PfBfT? 

(2) H^-^HN-lO^SS 

HJfe^yi 2Oj^t!iCtiftMUfcHN-lO2.0mgMe/ml PBS^ miiltO.m 

m^mmm (pH8.5) iooMi^?i?oi'^-"fc<^^K*£^^^^^-«' 

(1) |B^©NHS^'fb^^<^DMSO^^^ (Smg^fcKtlOmg/ml) 2. S/z l^^TUT, 

mmx^x. mm^^w-imtco mmm^mmmi 2{c!pi:-rsasufco 

(3) l|^fe^flN-l/F(ab')2 <7)^S8 

^j|^jl4_ (2) (om-1 SrHN-l/F(ab*)2 ^t::. NHS^^b^O^S^lO 

[^Jfe-Baj 1 5 ] ^1^-^^ / »3 -ir;i.^p^^msev-<i!^ 9 -omm^ 

1 E^ONLS-UcZ/SeV^PBST-lX 10«pfu/mlJJ:#fiU. 96<>:ti/V^jS7' 

3®HN-1/F(ab')2 . ^\^^\^1iMW^^Wr\fSihmmmm^ 
HN-1/F(ab* )2 %PBS-e#«^L-C 1 d^blOO^ g^e/mllCpMUf-o ^^l!:»^^50/i 

i^^^>5^^^^fpu-c. ^ia-eso^ttb-c. mm-<^^-^mvft me) 

mmrv. iong/mm±<ommmxitmmmTh^^ito tits mk<^^ 
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(1) EdcmKi:^mW^'^m-i(DmU 

lemmb(Dn^(D:^mKn^Xmm^fc Qournal of Biological Chemistry, 
1992,267. (35), 24966-24971) o ^/V;^/^7;i-:3fiX K (DMSO) KmMV 

fc. 10mg/ml(^mm (Sigmatt) ^lmllC21. 7mg/ml©l-^^/V-3-(-i^;^ ^/VT ^ 
/:ftHfM^jV:^-M^ K (EDC : Sigina1±) CDDMSO^I^lml^^lD;^, MU. BfBf 
T?305>i^«bfCo PBS-eimgSe/mltil^i!lUfc^Ji«^Jl ZOW-im^m^lKmB 
©|im-EDC^16.6/tl^lr«#b^:65b?STL^S:, BtBlfClitliaKf&Sr^To 
fc=^lc, «M14- (2) tP^{;iL-c^^^-^-i^#:rco 

■^ji s- (1) m^omw^'^'i-<^ioQfig/mmm^M\'^x^m^^^-^^^ 

Vfco mmmi 6(DKB«»«. A549« (t r) ^Sr^L 
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(Wang et al.. Bioconjugate Chemistry. 1997. 8. 673-679) (7>3t^ 

j^mik KBglBS A 5 4 9i 

100.0±10.9 100.0±6.6 



107.7±12.3 



142.1 ±13.3 



05±0.1 



0.8±0.1 



14.8±1.3 



35±0.7 



2.4±0.1 



2.4±0.6 



G¥Pm^^mmVfcSBVGFP\mm:^^^^3^')m\^tc (Katoetal.. Gene 
s Cells, 1996, 1, 569-579; Hasan et al. , J. Gen. Virol.. 1997, 78. 2813-2 

820) o ^(D^^^-^mm$^ z5.zx:KX3nfmm^ 

. hxmmt:miSLVlt. 3000 rpm. 30 minO^^L^m. ±^^"0, 35000g. 

1 m'bvx^^^-t:-m^^tc. m^nmrn^^. nm'c, 3000 rpm. 30 mi 

n<Dm^^U ±m^4'C. 35000g. 1 ^'L^l^X^^ ^^^ttm^^tc. PBS(cS 

^(Dwmm^. mo)^ Triton yi-mmiXTiim^viti><^^^^i^ ^"^^^^ 

, BSk^m&tVX. BCA Protein assay (Pierce|±) ICXiH^UfCo W^^^^ 
— fi*^l mmWalXh^tCo 
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^mmi 9(DSeY^i!7^-(Oy^Vyi^0.5 mlfCO.5 ml3i^!>^®IK (pH8.5) ^ 
iP^. 0.5ingSS/ml©pH8.5^^^iiLfCo 5^^»2000(^;^ iS' iX::^ ^ • 7" 
a tr;a-y@^fl^^^cPE(^^ (SPA-PEG2K, Shearwater Polymers^) SrO, 2v 4. 6s 

8. 10 mgl^±lB^^^^-«#l-^J;^^^^^^*i''^*D^^ ^ta-eiNF^^^^Tofco 

RjSi^T=^. Sf&l^^4'C, 15000 rpm, 1 i^'M. tt^^7k?^PBSf^M ff 
S4U 15000 rpm, 1 hi^ib'lilJ: >J'<^ iJ^-^IeUUlU 0. 5 mK^PBSJ^S®^ LT 

[MMM 2 1 ] SPA-PEG5K^SeV^^ ^ —<om% 

OOSPA-PEG2KSr^^*5000©SPA-PEG5K (Shearwater Polymerstfc) K 

^SU-CPEGSf&ft^O. 5. 10. 15. 20. 25 mg-eil^t-KfS • ^M^Ir^TV\ SPA-P 

[MMm 2 2 ] PEG2NHS-10K^fiilSeV^j{^ ^ -omU 

2 0 OSPA-PEG2K^:9-^ftl0000(DPEG2NHS-10K (2*^. Shearwater Pol 
ymers^h) (C^X U-CPEGgjSA^O. 10. 20. 30. 40. 50 ingT'|^illtS^& • fflM 

LmMn2 3] PEG{^|^&SeV^^i5''-(^l5^JfiL^i^Stt (HAU) ^in vitro^^it 
(CIU) 

mMm2 0. 21. 2 2^C|a^UfcPEG«SeV-<^^-^3:■OV^T*JliL^^M 
-14 (HAU) 3^mn vitro^^ (CIU) ^m^tCo Hll 2. 1 3joj:U^l 4lC^L 
fc <t 5 le:. ±IB 3 mW^MSeW^^ 9 -OHAU^TJ^CIU^SU^ Lfc ^ 5x {srii 
tPEG S;&»©lijjn{2:J;oTHAUi!ClUd5<STi-6MfEo:a5i,btbfco ^H^*:SS:fet 
v^^5t^ K;S:l:t?5iij!iqi^i2.HAUi:Cluo{SM;6S/h$v\ *fc. HAUi:CIUO*igS 

M©SPA-PEG5K^|(pUfc^. 7^^|(|ii:Jt-<TlHAUfcfcil!) 
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^) p^X?2SXfm2mm'ifofc (50m1) 0 ^well\Z.mX^\^1tl%=-^ V 

^m^i2 0. 2U 2 2ra«LfcPEG^IfpSeV'<^>?-^0.5Azg/lane^fflV>-C 
SDS-PAGES:=fTofc„ ^ 1 5 IC* Ufc i 5 f^l. y/V^^feUTC/^/v;^-^^ 

^-^;V^fl^^ffiV^-CPEG^I5SeV^^^-<^:-V^^-:^^e^*>SP^HNS^* 
^;^Ufc2;:i5. ^fefcUCi 5^i^m^5#6>^^- 
[^^fe^2 5] ri35R3^{4:#:&T-C©PEG2-NHS10K^«{iiSeV-^^'^-tJ:a:Sin vitr 

^JS^2 2l^*C-CPEGSf&»SrO. 15. 20. 25iiigT'^«l^KJ«^ * tt^^^fV\ P 
• EG2-NHS10K^^eVSr#^o ^^^^^-^^Meteli^^^l 9 ^i^^'-^*^- 

ioo:Rmooof&^^m*tciiPBs/n«BSA 35Mitr»u-c. mm-xi^mmmv 



wo 03/092738 



50 



PCT/JP03/05527 



m^^eiihtcv) 20^1 mk.. mm^n^tco mmsBnoxsFPm^tittftmm 

CHiiM 2 6 ] PEG2-NHS10K^llpSeV-<i^ -{C J: 6 in vivoX(Dm.^^M?< 
^ bfc J; 5 IC. 5 ^/V-Z^K^i-f. 1 HI e -eiucif erase^«SeVSr^.^^ 

;65H-^±;aSofc2MKSJ-2|llSOS#^=fTV\ 2B'^-r^^mmU I^WG 
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^J&«9|2 0(DSPA-PEG2KSr^^l:20000OPEG2NHS-20K (2^ Shearwater Pol 
ymers^fc) (Cf^Jf LTPEGSJC&SSrlO, 20, 40 mgX\ :^^*40000©PEG2NHS-40K ( 
2^m^ Shearwater Polymersit) tC^35 UTPEGSJS*3r20, 40, 80 agl?, |^:^ 
i^EJit^ • mm^n^\ PEG2NHS-20K^^||SeVtPEG2NHS-40K^|liiSeV^#fCo 

MmM5X'M\^fc^m-V. 4X^X8 Bt20 B^^Lfc±mPE[immSeV tMfm 
SeVOCrU^ai^ LfCo 0 2 0 {C^ Lfc i 5 {C, ^^agSeVa > h vi^/vmVX 2 

imMM 2 8 ] PEmmK J: §PEG^^KSSeV©^|fe^^©3fe# 
*JfeM2 l{tPEGa^:*^0. 5, 10, 15 nig-^^iKL:fcfc©?r:^J|750000©pol 
yethylenimiae (PEI, SIGMAtfc) trffiV^TPEI:SeVa»it 0, 0.01, 0.025, 0.05, 0 

.1, o.2vmu ux-m2mm^<Dmmmmm^vfc m^^mitMmm2 3 

^0m) o ^2 HZ^LtcXoi^. -MMcommaVit, PEC^tfcSeV (D^ 

mmm^h^tzo i^^mzmm?^! (siGMAtt) xhmmfmm^nhntz., 

h*yy^y'])y<V—i^:^TA (Drug Delivery System ; OT^fJlDDStW 5) itS. 

^^m^^^mxh^, DDs^4!^^/^;^-<i{r^^^^v^r, h?>\f^itxxm^^titi 
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h 5 . ft*^ 1 ^ fc 2 ie*(7)i^ififei^o 

7 . mM&M\^nM^tiX\^?>it^mi)^^^Mi. 800Sk±Xh^. It*^ 1 6 

8. mm&MKHM^tiX\^^{t-^7^^M4,500&^±Xh^. f*^:«7|C|B« 
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DESCRIPTION 

PHARMACEUTICAL- OR GENE-CARRIER COMPOSITIONS WITH REDUCED 

HEMAGGLUTINATING ACTIVITY 

5 

Technical Field 

The present invention relates to carriers for delivering 
pharmaceuticals or genes into cells, whose hemagglutinating 
activity is reduced by modifying an envelope protein of a minus- 
10 strand RNA virus. 

Background Art 

The Sendai virus (SeV) contains two types of envelope 
proteins: hemagglutinin-neuraminidase (HN) and fusion protein 

15 (F) . HN binds to sialic acid on cell surface and followed by 
fusion mediated by F protein, allowing a direct, rapid, and 
highly efficient infection of SeV into cytoplasm. Furthermore, 
since sialic acid is present on almost all cell surfaces, SeV 
can infect a wide range of cells. In order to apply these kinds 

20 of extremely infective SeV to gene therapy, a recombinant SeV 
vector carrying various genes has been developed (Shiotani et 
al.. Gene Therapy, 2001, 8, 1043-1050), and research is also 
progressing on a drug delivery system where genes and various 
pharmaceuticals are encapsulated in the aqueous core of 

25 liposomes which comprise SeV envelope proteins (Ramani et al., 
FEES Letters, 1997, 404, 164-168; Isaka et al.. Experimental 
Nephrology, 1998, 6, 144-147). 

SeV vectors have many such advantages, however, their broad 
infectivity can also be a disadvantage. SeV vectors also fuse 

30 with erythrocytes which contain a large amount of sialic acid, 
triggering a high hemolytic activity. Thus, improvement is 
desired from the safety point of view. Furthermore, SeV vector 
fusion with erythrocytes means that the vector cannot deliver 
the required amount of pharmaceuticals to target cells, 

35 suggesting that SeV vector may be extremely unstable in blood. 
Therefore, methods for administering SeV vectors in vivo are 
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predicted to be confined to methods that do not mediate blood, 
such as temporarily stopping blood flow or perfusion methods, or 
to local administration methods for sites that are little 
influenced by blood components . 
5 In order to resolve these safety- and stability-associated 

problems, the hemagglutinating activity of HN protein must be 
eliminated or decreased to reduce its binding with erythrocytes. 
However, eliminating hemagglutinating activity leads to reduced 
SeV binding to the target cells to be introduced with 

10 pharmaceuticals, which can be readily inferred to significantly 
reduce the efficiency of drug delivery. Therefore, some 
ingenuity is required. 

So far, there have been many reports of studies that 
eliminated hemagglutinating activity by specifically reducing 

15 the SeV HN protein with dithiothreitol (DTT) . However, most of 
these studies have used hemolytic activity toward erythrocytes 
as an indicator. For example, Tomasi et al., in FEES Letters, 
1982, 143 (2), 252-256, reported that reducing SeV with DTT 
eliminates its hemagglutinating activity. However, they merely 

20 report that newly introducing erythrocyte-recognizing antibody 
molecules into SH groups (formed by DTT reduction) in HN protein 
molecules, complements the ability of SeV to bind to 
erythrocytes, exhibiting a revived hemolytic activity. 
Furthermore, since fusion activity is greatly reduced, doubts 

25 remain as to the possibilities of this method. Gitman et al., 
in Biochemistry, 1985, 24, 2762-2768, reported the chemical 
modification of SeV envelope proteins. They succeeded in 
eliminating hemagglutinating activity, but at the same time, 
they also eliminated fusion ability completely. They report 

30 that to confer fusion ability, an unmodified envelope protein 
must be newly incorporated, which leads to a revival of 
hemagglutinating activity. 

Several studies that target cells have been also reported. 
For example, Bagai et al., in Journal of Virology, 1993, 67 (6), 

35 3312-3318, proposed a drug delivery system for the sugar chain- 
specific infection of F protein, which comprises the steps of: 



; 
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solubilizing SeVs whose HN has been reduced with surfactants; 
and reconstituting virions consisting only of F proteins. 
Ramani et al . , in FEBS Letters, 1997, 404, 164-168, also 
reported the results of in vitro gene introduction using a 
5 similar system. Whilst these methods can indeed eliminate 
hemagglutinating activity and fuse SeV only with target cells, 
some problems remained to be solved. For example, F protein is 
also considerably reduced along with HN protein. Furthermore, 
not all of the envelope proteins are incorporated into virions 

10 in the reconstitution process (Ponimaskin et al.. Virology, 2000, 
269, 391-403), thus impairing the fusion ability of the 
reconstituted carriers and resulting in an increased dosage. 
Also, in the preparation process, the requirement of a large 
amount of virus, troublesome removal of surfactant, 

15 heterogeneity of the reconstituted virions, and such provide 
ample room for improvement. 

Thus, hitherto there has been no known drug delivery system 
based on an envelope protein of a minus-strand RNA virus that 
has significantly reduced hemagglutinating activity but retains 

20 the ability to deliver drugs into cells. 

Disclosure of the Invention 

The objective of the present invention is to provide a 

carrier, in which only hemagglutinating activity is 
25 significantly reduced, and which retains the ability to 

introduce a pharmaceutical or gene into cells, by modifying an 

envelope protein in a minus-strand RNA virus. 

In the development of pharmaceuticals and drug formulations. 

Drug Delivery System (DDS) is an important technique as a 
30 methodology to reduce undesirable effects and enable intended 

functions. The present inventors thought that chemically 

modifying a minus-strand RNA viral envelope protein, which is 

one DDS technique, can reduce activity against erythrocytes and 

retain the ability for introduction into cells. For this, it is 
35 preferable to selectively modify the envelope protein 

responsible for the hemagglutinating activity, to reduce the 
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activity while minimizing, as much as possible, the effect on 
the envelope protein critical to fusion. 

The present inventors carried out exhaustive studies and 
discovered that modification with polymers such as 
5 polyethyleneglycol (PEG) effectively reduces hemagglutination. 
For example, in a PEG-modified SeV vector, obtained by 
covalently binding activated PEG to an amino group in the 
envelope protein of Sendai virus (SeV) (Fig. 1), a markedly 
reduced hemagglutination response (HAU) was apparent for the 

10 amount of PEG reacted. Although there was a concern that vector 
infectivity of target cells might also decrease along with the 
reduction of HAU, the degree of reduction in the ability of the 
modified vector to introduce genes into cells was small compared 
to that of HAU, confirming that sufficient vector infectivity 

15 was retained (Tables 1 and 2) . In this case, it was revealed 
that a larger molecular weight of PEG can enhance the ability to 
introduce genes into cells. Furthermore, the method for 
preparing PEG-modified vector were very rapid and easy. 

In the electrophoretic patterns of the constituent proteins 

20 of PEG-modified SeV vector, HN proteins drastically decreased 
and instead, new macromolecules were observed to appear. On the 
other hand, the decrease in F proteins was relatively small, 
suggesting that PEG preferentially modifies HN protein rather 
than binding to F protein. This was thus inferred to be a 

25 contributing factor in preserving fusion ability while 
drastically reducing HAU (Figs. 4, 15, and 16). 

The hemolytic activity of PEG-modified SeV vector toward 
rat blood was significantly reduced as a reflection of reduced 
HAU, indicating this vector to be highly excellent from the 

30 safety point of view (Fig. 2) . Furthermore, although the gene- 
introducing ability of the SeV vector was markedly reduced upon 
contact with the blood, the modified vector retained a 
sufficient level of gene-introducing ability even after the 
blood treatment (Figs. 3 and 20). These results indicate that 

35 modification not only has the effect of reducing binding to 
erythrocytes, but also, at the same time, can impart a 
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stabilizing effect on factors such as complements in blood, that 
are likely to destabilize vector activity. Furthermore, since 
the PEG-modified vector could actually introduce genes stably, 
even in the presence of a neutralizing antibody (Figs. 5 and 17), 
5 PEG modification was thought to impart stabilizing effects on 
various components of living body. 

In addition, on examining the effect of PEG-modified vector 
administrated in vivo, the gene-introducing efficiency of this 
vector in multiple administrations was clearly higher than that 

10 of the unmodified vector, confirming that the PEG-modified 
vector has a high gene-introducing ability in vivo (Fig. 19) . 

As described above, it was found that appropriately 
selecting conditions of PEG modification could reduce the 
interaction of SeV vector with erythrocytes and yet retain a 

15 high level of gene-introducing ability into cells. 

Furthermore, the present inventors also examined the use of 
a purified anti-HN protein monoclonal antibody (MAb) , which 
selectively binds to envelope proteins responsible for 
hemagglutinating activities and reduces such activities (Miura 

20 et al., Exp- Cell Res., 1982, 141, 409-420). Sendai viral 
vectors treated with MAb showed no hemagglutination at all. 
Their hemagglutinating activity was completely blocked, and gene 
introduction into cells by the treated vector was not observed. 
When a target cell-binding ligand molecule was newly bound to 

25 the MAb molecule, Sendai viruses treated with this ligand-bound 
MAb (Fig. 5) showed neither hemagglutination nor hemolytic 
activity (Figs. 7, 10, and 11), and in spite of this, said 
treated viruses could introduce genes into potentially ligand- 
bound target cells with high efficiency (Figs. 8 and 9). Genes 

30 could not be introduced other than into target cells, and gene- 
introducing ability was eliminated in the presence of excess 
amounts of competitive substances (Table 4). These results 
prove that highly efficient gene introduction, exclusively into 
target cells, is possible despite the complete loss of the 

35 modified vector's hemagglutinating activity. 
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It is thought that this system may become applicable to 
introduction into various cells, by changing the ligand molecule, 
which is to be bound, into a molecule that responds to a 
receptor highly expressed on a target cell. 
5 Furthermore, since this system can be readily prepared by 

mixing components just prior to use, it is very easy to use. 

Such techniques can be also applied to virion formulations 
reconstituted from the constituent proteins of SeV envelope. In 
this case, it may not be necessary to reduce HN proteins as 
10 described above. If this technique is applied after 

solubilizing SeV without prior reduction and reconstituting 
virions that encapsulate required pharmaceuticals, carriers with 
greater fusion ability are formed with no effects on F protein 
due to reduction. 

15 The present invention relates to pharmaceutical- or gene- 

carrier compositions whose hemagglutinating activity is reduced. 
More specifically, the present invention provides: 

[1] a pharmaceutical- or gene-carrier composition which 
comprises a cell membrane comprising a minus-strand RNA virus 

20 envelope protein with hemagglutinating activity, wherein: 

(a) a compound is added to the protein; 

(b) the hemagglutinating activity is reduced compared to a 
composition to which the compound is not added; and 

(c) the composition comprises the ability to introduce a 
25 pharmaceutical or gene into a target cell; 

[2] the composition of [1], further wherein 

(d) hemolytic activity toward erythrocytes is reduced compared 
to a composition to which the compound is not added; 

[3] the composition of [1] or [2], which comprises an 
30 infective virion of the minus-strand RNA virus; 

[4] the composition of [1] or [2], which comprises an 
inactivated minus-strand RNA virus, or an envelope portion of 
the virus; 

[5] the composition of any one of [1] to [4], wherein the 
35 minus-strand RNA virus is a Paramyxoviridae family virus; 
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[6] the composition of [5], wherein the Paramyxoviridae 
family virus is the Sendai virus; 

[7] the composition of any one of [1] to [6], wherein the 
compound added to the protein has a molecular weight of 1,800 or 
5 more; 

[8] the composition of [7], wherein the compound added to 
the protein has a molecular weight of 4,500 or more; 

[9] the composition of [8], wherein the compound added to 
the protein has a molecular weight of 16,000 or more; 
10 [10] the composition of any one of [1] to [9], wherein the 

compound added to the protein is polyethylene glycol; 

[11] the composition of any one of [1] to [10], wherein the 
protein further forms a complex with polyethyleneimine; 

[12] the composition of any one of [1] to [11], wherein the 
15 protein forms a complex with a cell-binding compound; 

[13] the composition of [12], wherein the cell-binding 
compound is bound to the compound added to the protein; 

[14] the composition of [12] or [13], wherein the compound 
added to the protein is an antibody that binds to the protein or 
20 fragment thereof; 

[15] the composition of any one of [12] to [14], wherein 
the cell-binding compound is a ligand for a receptor on the cell 
surface; 

[16] the composition of [15], wherein the ligand is folic 

25 acid; 

[17] an antibody bound to a cell-binding compound, wherein 
the antibody binds to a minus-strand RNA virus envelope protein 
comprising hemagglutinating activity, or a fragment thereof; 

[18] the antibody or fragment thereof of [17], which is 
30 F(abM2; 

[19] the antibody or fragment thereof of [17] or [18], 
wherein the cell-binding compound is a ligand for a receptor on 
a cell surface; 

[20] the antibody or fragment thereof of [19], wherein the 
35 ligand is folic acid; and 

[21] a pharmaceutical- or gene-carrier kit which comprises: 
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(a) an antibody or fragment thereof which binds to a minus- 
::Lnd K.. Virus envelope protein comprising he.agglut.^^^^^ 
activity, and to which a cell-binding compound is bound; and 

.1 or aene-carrier composition comprising the 

(b) a pharmaceutical- or gene carix<= t- 

envelope protein. 

The present invention provides phatmaoeutioal- or gene- 
carrier compositions which comprise a cell men^rane containing a 
: rs-stran: Virus envelope protein with —l-- 

— — . % ; is^ir/iirrerri 

(b) the hemagglutinating activity is reu 

oUsition to Which the compound is not attached,- and ,c, th 
composition comprises the ability to introduce the 
compositio F compositions of 

pharmaceutical or gene into a target cell „„„hrane 
this invention are complexes that comprise a cell membrane 
containing a minus-strand virus envelope protein having 

::rgglutinating activity. Such complexes may be, for example 
infective virions, inactivated minus-strand RHA viruses, or 
omjlexes comprising the envelope components of disintegrated 
minus-strand FMA viruses, such as reconstituted ^^P"-- • 

infective virions infect cells and thus del ver 
pharmaceutical or gene encapsulated in the virus "t°J^°" 
cells in particular, by incorporating a foreign gene into a 
viral' genome! the gene can be expressed from the viral genome in 
c 1 infected with the infective virions. The infective virus 
lay be a replication-competent virus or a replication-deficient 
Tirus The term -^replication-competent virus" means that when 
Virus' infects host cells, it is replicated within those host 
cells to produce infective virions. 

„ nus-strand viruses can be reconstituted by 

transcribing viral genomic R»As within cells, in the presence of 
rir^l proteins retired for the transcription and replication o 
this genomic m.. .econ^inant minus-strand ^ 
reconstituted using methods Rnown in the art ,W0 ^^1"^^' 
5 „/1653S; »0 00/70055; »0 00/.00,0; Ourbin - - " ^ ' 
Virology 235: 323-332; Whelan, S. P. et al.. 1995, 
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Acad. Sci. USA 92: 8388-8392; Schnell. M. J. et al., 1994, EMBO 
J. 13: 4195-4203; Radecke, F. et al . , 1995, EMBO J. 14: 5773- 
5784; Lawson, N. D. et al . , Proc. Natl. Acad. Sci. USA 92: 4477- 
4481; Garcin, D. et al., 1995, EMBO J. 14: 6087-6094; Kato, A. 
5 et al., 1996, Genes Cells 1: 569-579; Baron, M. D. and Barrett, 
T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. 
M., 1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404; Hasan, M. 
K. et al., J. Gen. Virol. 78: 2813-2820, 1997; Kato, A. et al . , 
1997, EMBO J. 16: 578-587; Yu, D. et al . , 1997, Genes Cells 2: 

10 457-466) . With these methods, minus-strand RNA viral vectors, 
including parainfluenza viruses, vesicular stomatitis viruses, 
rabies viruses, measles viruses, rinderpest viruses, Sendai 
viruses, and such, can be reconstituted from DNAs . 

The recombinant viral vectors containing foreign genes can 

15 be obtained by inserting the foreign genes into the viral vector 
genomes. Any gene to be expressed in a target cell can be used 
as a foreign gene. The foreign genes may be genes encoding 
naturally-occurring proteins, or genes encoding proteins 
modified from naturally-occurring proteins by deletion, 

20 substitution, or insertion of nucleotide (s) , so long as the gene 
encodes a protein functionally equivalent to the naturally- 
occurring protein. Alternatively, the foreign gene may encode a 
deletion derivative of a naturally-occurring protein or 
.synthetic protein. For example, for gene therapy or such, 

25 viruses are reconstituted by inserting a therapeutic gene for a 
target disorder into a DNA which serves as the viral vector 
template (viral vector DNA) , and then transcribing the resulting 
recombinant DNA. When introducing a foreign gene into a viral 
vector DNA, for example, into Sendai viral vector DNA, a 

30 sequence consisting of a multiple of six nucleotides is 
preferably inserted between, for example, the transcription 
ending (E) sequence and the transcription starting (S) sequence 
(Journal of Virology, Vol. 67, No. 8, 1993, p.. 4822-4830). In 
paramyxovirus or such, a foreign gene can be inserted upstream 

35 and/or downstream of the open reading frame (ORE) of the 
respective viral proteins (for example, ORFs of NP, P, M, F, HN, 
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and L proteins). In order to avoid inhibiting the expression of 
genes upstream and downstream of the foreign gene, the E-I-S 
sequence (transcription ending sequence - intervening sequence - 
transcription starting sequence) is appropriately inserted 
upstream or downstream of the foreign gene, so that the E-I-S 
sequence units are arranged between respective genes. 

The recovered viruses can be purified until substantially 
pure. Purification can be carried out by 

purification/separation methods known in the art, including 
filtration, centrifugation, and column purification, or any 
combinations thereof. "Substantially pure" means that the virus 
accounts for the main proportion of a sample in which it exists 
as a component. Typically, a substantially pure viral vector 
can be identified by confirming that the proportion of the viral 
vector-derived protein is 50% or above of the total proteins 
comprised in the sample, preferably 70% or above, more 
preferably 80% or above, and further more preferabley 90% or 
above. Examples of specific methods for purifying minus-strand 
RNA viruses are those using cellulose sulfate esters or cross- 
linked polysaccharide sulfate esters (Examined Published 
Japanese Patent Applcations No. (jp-b) Sho 62-30752, JP-b No 
62-33879, and JP-B No. 62-30753), and those for adsorbing 
proteins to polysaccharides comprising fucose sulfate and/or 
degradation products thereof (WO 97/32010), and so on. 
25 inactivated viruses or reconstituted products from 

disintegrated viruses are used as transfection reagents for 
introducing a pharmaceutical or gene into cells. Minus-strand 
RNA viruses can be inactivated, for example, by UV irradiation 
Furthermore, liposomes using inactivated viruses such as 
Hemaggulutinating Virus of Japan (HVJ) -liposome can be prepared 
by vibration and ultrasonication (see, "Liposome in Life Science 
/ Laboratory Manual", Springer-Verlag Tokyo (1992), pp. 282-287) 
Furthermore, a composition (membrane fusion liposome) formed by 
mixing inactivated Sendai virions or liposomes and nucleic acids 
has been reported (Yasushi Kaneda: BIOTHERAPY, 8, 1265 (1994)) 
Alternatively, disintegrated viruses can be reconstituted by' 
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for example, reconstituting liposomes from a solubilized virus 
to prepare so-called Wirosomes' (Bagai et al., (1993) Biochem. 
Biophys. Acta 1152, 15-25). Specifically, after solubilizing a 
minus-strand RNA virus with a surfactant such as Triton X-100, 
5 the insoluble RNP is removed by centrifugation . Virosomes can 
be prepared from reconstituted virions by removing the 
surfactant from the solubilized solution comprising the envelope 
and envelope proteins. Virosomes of uniform particle size can 
be collected by centrifugation (for example, at 12,000 rpm for 

10 ten minutes) . 

In a composition comprising infective virions, the 
infective virions may be either minus-strand RNA viruses or 
other viruses comprising a minus-strand RNA virus envelope 
protein with hemagglutinating activity. Pseudotyped viruses, 

15 reconstituted with the envelope protein of another virus, are 
well known in the art (WO 01/92508). A pseudotyped virus 
comprising an envelope protein of a minus-strand RNA virus can 
be manufactured, for example, by preparing a virosome or such 
that comprises an inactivated minus-strand RNA virus or an 

20 envelope protein of the virus; and fusing the virosome with 
another virus. Alternatively, a pseudotyped virus can be 
prepared by expressing in the packaging cell of another virus, 
an expression vector that expresses a minus-strand RNA virus 
envelope protein with hemagglutinating activity. Examples of 

25 viruses whose packaging cells are used to express the vector are 
retroviruses, specifically those belonging to the subfamily of 
oncoviruses comprising Moloney murine leukemia virus (MoMLV) , 
murine stem cell virus (MSCV) , and such (referred to as 
oncoviruses in this invention) ; and those belonging to the 

30 subfamily of lentiviruses, comprising human immunodeficiency 
virus (HIV) (e.g. HIVl or HIV2), simian immunodeficiency virus 
(SIV) , feline immunodeficiency virus (FIV) , maedi-visna virus, 
equine infectious anemia virus (EIAV) , caraparu arthritis 
encephalitis virus (CAEV) , and such (referred to as lentiviruses 

35 in this invention) . HIV-1 includes all the major (M) subtypes 
(including A to J), N, and outlier (0) (Hu, D. J. et al., JAMA 
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1996, 275: 210-216; Zhu, T. et al.. Nature 1998, 5: 391(6667): 
594-7; Simon, F. et al., Nat. Med. 1998, 4(9): 1032-7). 
Examples of isolated strains of SIV are SIVagm, SIVcpz, SIVmac, 
SIVmnd, SIVsnm, and SIVsyk. Retroviruses derived from a Spuma 
5 virus can also be used, including foamy viruses (DE 4318387; WO 
9607749; Virology (1995) 210, 1, 167-178; J. Virol. (1996) 70, 1, 
217-22) . Viral vectors derived from foamy viruses can be 
utilized in the introduction of foreign genes into human cells, 
particularly in gene therapy, for the administration of 
10 recombinant vaccines and such. 

In addition to the minus-strand RNA virus envelope protein 
with hemagglutinating activity, pseudotyped viral vectors can 
further comprise, for example, other envelope proteins of the 
virus. For example, this invention comprises compositions 
15 comprising a pseudotyped viral vector comprising paramyxoviral 
HN and F proteins, in which a compound is attached to the HN 
protein. A viral vector comprising a minus-strand RNA virus 
envelope protein with hemagglutinating activity can further 
comprise an envelope protein derived from another virus. As 
20 such a protein, for example, an envelope protein derived from a 
virus that can infect human cells is preferable. Such proteins 
are not particularly limited, and comprise, for example, the 
amphotropic envelope protein of retroviruses, G protein of 
vesicular stomatitis viruses (VSV) , and such. Furthermore, 
25 examples of Herpesviridae proteins are gB, gD, gH, and gp85 
proteins of herpes simplex virus; and gp350 and gp22 0 proteins 
of EB virus. Examples of proteins of Hepadonaviridae are S 
protein of hepatitis B virus. As a retroviral amphotropic 
envelope protein, for example, an envelope protein derived from 
30 murine leukemia virus (MuLV) 4070A strain can be used. 
Furthermore, the envelope protein derived from MuMLV lOAl can 
also be used (e.g. pCL-lOAl (Imgenex) , Naviaux, R. K. et al., J. 
Virol. 70: 5701-5705 (1996)). As an ecotropic envelope protein, 
for example, an envelope protein derived from Molony' s murine 
35 leukemia virus (MoMuLV) can be used. As a vesicular stomatitis 
virus G protein (VSV-G) , for example, a protein derived from an 
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Indiana serotype strain thereof (J. Virology 39: 519-528 (1981)) 
can be used. Besides these, proteins derived from any 
preferable strains can also be used. 

In this invention, minus-strand RNA viruses are viruses 
5 comprising a minus-strand {an antisense strand corresponding to 
the sense strand encoding the viral genes) RNA as the genome, 
and envelope proteins comprising hemagglutinating activity. 
Minus-strand RNAs are also referred to as negative strands. 
Examples of minus-strand RNA viruses are Paramyxoviridae Sendai 

10 viruses, Newcastle disease viruses, mumps viruses, and measles 
viruses; Orthomyxoviridae influenza viruses; and Rhabdoviridae 
vesicular stomatitis viruses and rabies viruses. 

In this invention, viral envelope proteins with 
hemagglutinating activity are preferably the envelope proteins 

15 of single-stranded minus-strand RNA viruses. Single-stranded 
minus-strand RNA viruses are also referred to as non-segmented 
minus-strand RNA viruses, comprising viruses belonging to 
Paramyxoviridae (including paramyxoviruses, morbilliviruseS/ 
rubulaviruses, pneumoviruses, and such); Rhabdoviridae 

20 (including vesiculoviruses, lyssaviruses, ephemeroviruses, and 
such) ; Firoviridae; Orthomyxoviridae (including infuluenza 
viruses A, B, and C, thogoto-like viruses, and such) ; 
Bunyaviridae (including bunyaviruses, hantaviruses, nairoviruses, 
phleboviruses, and such) and viruses of Arenaviridae. Specific 

25 examples of envelope proteins with hemagglutinating activity are 
HN protein of Paramyxoviridae, HA protein of Orthoinyxoviridae, 
HA protein of influenza virus, Gl protein of Bunyaviridae, G 
protein of Rhabdoviridae, VPl protein of Firoviridae, and such. 

In this invention, viral envelope proteins with 

30 hemagglutinating activity are more preferably derived from 
paramyxoviruses. ''Paramyxoviruses'' refer to viruses belonging 
to Paramyxoviridae. Paramyxoviruses includes, for example, 
paramyxoviruses, morbilliviruses, rubulaviruses, pneumoviruses, 
and metapneumoviruses; specific examples being Sendai virus, 

35 Newcastle disease virus, mumps virus, measles virus, respiratory 
syncytial virus, rinderpest virus, distemper virus, simian 
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,qv5^ human parainfluenza virus types 1, 2, 
parainfluenza v.rus ' ^^^^^^^^ , p.„irus envelope 

and 3, and such. A speciii protein (also 

protein «ith >^-=^^^"',^""^"^^/:^:: /mention, vi.al envelope 
referred to as B prote.n) . t ^^^^ preferably 

, proteins with "^rLyxoviridae suhfa,^ly, 

those Of viruses belonging I ' J ^^^^i, viruses, 

— ^ -"--r^rirlC .us vlral envelope 

and further rnore P-^^'; J' hemagglutinatrng 

proteins. ^^l ^^^^X Z ^"^^^ '^^"^ 
10 activity are ..ost prefera , ^^^^^^^^ ^^^^^ 

viruses can be derived fr artificially constituted 

laboratory-passaged strar , ^^^^^ ^^^^ ^.^^^ , 

strains. For ---f^^-J^^^H ,„,i,,ride sequences of Sendai 
strain can be preferably used. ^^^^^^ ^^^^^^^^^ ^^^^ 

" Ts;: 

etc. . ^ nrotein with viral 

an envelope proreiu 
Furthermore, as . viruses belonging to 

he^gglutinating ^cUvity H. prote^n.^ of^^vrrus ^^^^^^ 

20 orthowxoviridae are a 

pseudotyped viruses . virus can infect a wide 

.^ression plasmrd of the ^^^^^^ ^ ^^^^,„p, 

range of — aUan ...1.^ ^^^^ J ^ ^^^^^^^^^ ,,„l,,,a 

protein of influenza virus der ^^^^^^^ 
25 strain can be used. ^^^^^.^^ ^^^^^^ j,^,„,,„ H;, 

neuraminidase plays i„ preparing Hft pseudotyped 

protein and sialic acid. ; seating the 

viruses, infective viruses can attaching a 

viruses with neuraminidase before, while, o ^^^^^^ ^^^^ 

30 compound to .-rnative^y, J P~ 

coexists with a protein having ^ 
„ith sialic acid can be auch as H« 

Viral envelope protein with -ura^ini e ^^^^^^J 

protein of riJ^rTv^e: c^ositiLs with reduced 

Ta'l r:c..-y comprising a pseudotyped viral 
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vector containing both HA protein of an Orthmyxoviridae virus 
and HN protein of a Paramyxoviridae virus, in which a compound 
is attached to either one or both of the proteins. 

The viral envelope proteins may be intact proteins derived 
5 from wild-type viruses, or naturally or artificially mutated 
proteins. For example, it is possible to analyze antigen- 
presenting epitopes or the like as potential cell surface 
antigen molecules in these envelope proteins, and then use these 
epitopes to construct viruses using proteins with lowered 

10 antigen-presenting ability. Furthermore, it is also possible to 
use envelope proteins and such derived from attenuated strains 
of pathogenic viruses. 

For example, using viral envelope proteins with 
hemagglutinating activity and other envelope proteins whose 

15 cytoplasmic domains have been modified by deletion, substitution, 
and/or addition of amino acid residues, vectors with higher 
gene-introducing ability can be constructed. The present 
invention relates to compositions comprising viral vectors that 
comprise a naturally-occurring viral envelope protein with 

20 hemagglutinating activity whose partial or whole cytoplasmic 
domain is modified by substitution, deletion, and/or addition of 
amino acid residues, in which a compound is attached to the 
viral envelope protein with hemagglutinating activity. 
Specifically, for example, modified proteins obtained by 

25 deleting the cytoplasmic domain of HN protein of paramyxovirus, 
or by substitution or addition in the cytoplasmic domain of 
other membrane proteins (such as envelope proteins of 
retroviruses including lentiviruses) are preferably used for 
producing pseudotyped retroviral vectors with high infection 

30 efficiencies. 

In this invention, hemagglutinating activity means the 
activity of causing hemagglutination (HA), that is, the activity 
of agglutinating erythrocytes. Hemagglutinating activity can be 
examined by methods known in the art (Kokuritsu Yobou Eisei 

35 Kenkyujo Gakuyukai, ed. Second edition, '"Virus Experiments'', 
Introduction, pp. 214-225, Maruzen Co., Ltd.). For example, 
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erythrocytes derived from chickens (including chicks and adult 
chickens), geese, rats, guinea pigs, rhesus monkeys, green 
monkeys, or humans are available. Reactions are performed under 
suitable conditions, depending on the proteins, such as at 0°C, 
5 4°C, room temperature, or 37°C. Specifically, hemagglutinating 
activity can be measured, for example, by the "end-point 
dilution method" (Kato, A. et al., 1996, Genes Cells 1: 569-579; 
Yonemitsu, Y. and Kaneda, Y., Hemaggulutinating virus of Japan- 
liposome-mediated gene delivery to vascular cells. Ed. by Baker 
10 AH. Molecular Biology of Vascular Diseases. Method in Molecular 
Medicine: Humana Press: pp. 295-306, 1999). 

compounds are attached to the minus-strand RNA virus 
envelope proteins with hemagglutinating activity in the 
compositions of this invention, wherein hemagglutinating 
15 activity is reduced compared to when the compound is not 
attached. In this invention, the term "reduced hemagglutinating 
activity" means significantly reduced hemagglutinating activity, 
and comprises, for example, activity that is reduced 
statistically significantly (e.g. a significance level of 5% or 
20 more), and also, completely eliminated activity (or activity 
below the detectable level). The hemagglutinating activity of 
the compositions of this invention is preferably reduced to 1/2 
or less of that of a control composition to which the compound 
is not attached, more preferably to 1/3 or less, more preferably 
to 1/5 or less, more preferably to 1/10 or less, more preferably 
to 1/20 or less, more preferably to 1/50 or less, more 
preferably to 1/100 or less, more preferably to 1/200 or less, 
more preferably to 1/500 or less, and more preferably to 1/1000 
or less. In contrast, the ability of the compositions of this 
invention to introduce a pharmaceutical or gene into cells is 
maintained at a high level compared to the decrease in 
hemagglutinating activity. That is, when compared to a control 
composition to which a compound is not attached, the ability of 
a composition of this invention to introduce a pharmaceutical or 
gene into a cell is reduced by a smaller degree, or, more 
preferably, not reduced but rather elevated. 
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Furthermore, the hemolytic activity of the compositions of 
this invention is also preferably significantly reduced. 
Hemolytic activity can be detected by attaching a test 
composition to blood; leaving the mixture to stand; centrifuging 
5 to remove blood cell components; and then measuring the 
absorbance of the eluted hemoglobin (see Examples) . The 
hemolytic activity of the compositions of this invention is 
reduced preferably to 70% or less of that of a control 
composition to which a compound is not attached, more preferably 

10 to 60% or less, more perferably to 1/2 or less, more preferably 
to 1/3 or less, more preferably to 1/5 or less, more preferably 
to 1/10 or less, more preferably to 1/20 or less, and more 
preferably to 1/50 or less. 

The hemagglutinating activity of the compositions of this 

15 invention is reduced, and, in a preferred enbodiment, their 
hemolytic activity is also decreased; however their ability to 
introduce a pharmaceutical or gene into the cells is retained. 
For example, compositions comprising a minus-strand RNA virus or 
the envelope component of the virus can fuse with the cell 

20 membrane of target cells, delivering a pharmaceutical or gene 
into the cells, A cell membrane fusion ability means the 
ability to incorporate constituent components into a cell after 
a complex (carrier) comprised in the composition of this 
invention has adhered to the cell membrane, using the fusion 

25 activity of the complex. This activity is due • to the function 
of fusion (F) protein, which causes cell fusion and is comprised 
in the envelope of minus-strand RNA viruses. The cell membrane 
comprised in the compositions of this invention preferably 
comprises F protein of a minus-strand RNA virus, in addition to 

30 the envelope protein with hemagglutinating activity to which a 
compound is attached. 

The ability to fuse with cells can be detected by methods 
such as: (1) using erythrocyte hemolysis as an indicator; (2) 
incorporating a fluorescent substance into the membrane and 

35 using changes in fluorescence intensity due to dilution by 
membrane flux during fusion; or (3) encapsulating a 
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Pharmaceutical into the aqueous core of a liposome aa a cell 
membrane model, and u.in, leakage of the pharmaceutical as an 
indicator. 

Furthermore, when the compositions of this invention are 
prepared as pseudotyped viruses from other viruses, such as 
hose Of Setrovirldae as described above, the compositions are 
strll capable of introducing a pharmaceutical or gene comprised 
Within the virus into cells, due to envelope proteins of the 
respect ve viruses. An ability to introduce a pharmaceutical or 
gene rnto cells can be confirmed by detecting the pharmaceutical 
or gene. A pharmaceutical can be detected, for example, by 
detecting the uptake of a labeled pharmaceutical into cells, or 
by rntroducing a biologically active substance into cells and 
examxnxng changes in cellular characteristics caused by that 
substance. On the other hand, expression of a gene within the 
cells can be detected at the RNA level or protein level, by 
methods such as PT-PCR, Northern blotting hybridization, 
iMHunoprecipitation, Western blotting, and such. Alternatively 
a gene encoding a biologically active protein can be 
rncorporated into cells, and changes in cellular characteristics 
caused by that protein can be measured. 

^ Furthermore, the stability of the compositions of this 
invention in blood is preferably significantly elevated. 
Elevated stability in blood means a smaller degree of decrease 
in the composition's ability to deliver a pharmaceutical or gene 
When a co,rposition of the present invention is placed in blood. 
The smaller the decrease in the delivery capability of the 
composition, the higher the composition's stability is in blood 
Elevation of stability in blood can be detected by incubating a 
composition of this invention with blood; measuring the post- 
incubation level of a pharmaceutical or gene delivered by the 
composition; and comparing the level with that obtained by a 
control composition to which the compound is not attached (see 
Examples). Delivery capability may be referred to as the 
activity of a pharmaceutical in the case of pharmaceuticals, and 
as the expression level of a gene in the case of genes. Gene 
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expression can be determined, for example, by directly or 
indirectly detecting the transcription product (mRNA) or 
translation product (protein) . A biologically active protein 
can be detected by measuring the activity of the protein. The 
5 degree of decrease in the ability of a composition of this 
invention to deliver a pharmaceutical or gene is preferably 
reduced to 70% or less of that of a control composition to which 
the compound is not attached, more preferably to 60% or less, 
more preferably to 1/2 or less, more preferably to 1/3 or less, 

10 more preferably to 1/5 or less, more preferably to 1/10 or less. 
Compared to an unmodified control composition, it is desirable 
that the capability of a composition of this invention to 
deliver a pharmaceutical or gene is elevated relative to its 
hemagglutinating activity . 

15 In this invention, the phrase ^'a compound is attached to 

the envelope protein having hemagglutinating activity" means 
that the protein is bound to the compound. The binding may be a 
covalent or noncovalent bond. Examples of noncovalent bonds are 
hydrogen bonds, coordinate bonds, ionic bonds, hydrophobic 

20 interactions (hydrophobic bonds), and intermolecular force (van 
der Waals forces) . The protein and the compound may initially 
exist separately, and the compound may be attached to the 
protein via bonding. A compound can be attached to the envelope 
protein having hemagglutinating activity by, for example, 

25 forming covalent bonds by cross-linking. The crosslinks can be 
formed with any preferred functional groups. Functional groups 
include, for example, hydroxyl groups, amino groups, aldehyde 
groups, carboxyl groups, thiol groups, silanol groups, amide 
groups, epoxy groups, succinylimide groups, phenol groups, and 

30 such, but are not limited thereto. Examples of covalent bonds 
are ester bonds, ether bonds, amino bonds, amide bonds, sulfide 
bonds, imino bonds, disulfide bonds, etc. The protein and the 
compound are preferably bound with a non-peptide bond. Methods 
for forming covalent bonds include cyanogen bromide activation 

35 methods, acid azide derivative methods, condensing agent methods, 
diazotization methods, alkylation methods, etc. 
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The pharmaceutical- or gene-carrier compositions of this 
invention can be produced by a method comprising the steps of: 
contacting a compound with a minus-strand RNA virus envelope 
protein having hemagglutinating activity; and binding the 
5 protein with the compound. The compound is bound to the 
envelope protein at its domain exposed on the viral surface. 
Therefore, specifically, the step of contacting the compound 
with the protein is preferably performed by contacting the 
compound with virions comprising that protein. Thus, the 
10 compound can be specifically attached to a protein involved with 
the hemagglutinating activity by a domain that is exposed on the 
viral surface. In particular, this invention reveals that even 
in the presence of other envelope proteins, the compound will 
preferentially attach to the envelope protein with 
15 hemagglutinating activity on the viral surface via compound 
crosslinking, significantly reducing hemagglutinating activity. 
Therefore, it is possible to easily produce a virus in which a 
compound is attached to the envelope protein . having 
hemagglutinating activity, for example, by the steps of: 
20 attaching a compound produced by usual methods to a virus to 
which a compound is not attached; and then binding the compound 
to the virus. 

Compounds to be attached to the envelope protein having 
hemagglutinating activity are not limited, as long as they can 

25 significantly inhibit the hemagglutinating activity of the 
protein. It is preferable that these compounds have no 
significant biological toxicity, and are chemically stable after 
the protein attachment. Also, the compounds are non-antigenic, 
or have low antigenicity- Furthermore, the compounds to be 

30 attached are preferably water-soluble. In order to effecively 
inhibit the hemagglutinating activity, the molecular weights of 
the compounds are preferably 1,600 Daltons (Da) or higher, more 
preferably 1,800 or higher, more preferably 1,900 or higher, and 
more preferably 2,000 or higher. Particularly preferable 

35 compounds have a molecular weight of 2,800 Da or higher, more 
preferably 3,800 or higher, more preferably 4,300 or higher. 
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more preferably 4,500 or higher, and more preferably 5,000 or 
higher. In particular, compounds with a molecular weight of 
12,000 Da or higher, more preferably 14,000 or higher, more 
preferably 15,000 or higher, more preferably 16,000 or hihger, 
5 more preferably 18,000 or higher, and more preferably 20,000 or 
higher can remarkably inhibit hemagglutinating activity. 

The compounds to be attached may be various polymers such 
as organic compound polymers. They may also have an uneven 
molecular weight distribution, in which case the phrase 

10 ''molecular weight of a compound to be attached" used herein 
means an average molecular weight. The distribution of 
molecular weight (MW/Mn) value is preferably small, for example, 
5 or less, preferably 3 or less, more preferably 2 or less, more 
preferably 1 . 6 or less, and more preferably 1.4 or less. 

15 Specifically, the natural polymers can be, for example, 

proteins such as antibodies, albumin, collagen, gelatin, fibrin, 
lectin, and heparin, or fragments thereof; polysaccharides such 
as dextran, cyclodextrin, dextran sulfate, cellulose, chitin, 
chitosan, and alginic acid; and lipids. As the synthetic 

20 polymers, polylactic acid, polylysine, polystyrene, pyran 
polymer, polyglutamic acid, polyacrylamide, polyvinyl alcohol, 
polyethyleneglycol, styrene-maleic acid copolymer, lysine- 
glutamic acid copolymer, polyhydroxyethyl methacrylate, Ficoll, 
and such can be used. 

25 The compound to be attached is exemplified by a 

polyethyleneglycol (PEG) in particular (J.M. Harris, 
"Polyethylene Glycol Chemistry. Biotechnical and Biomedical 
Applications", Plenum, New York, NY, 1992; J.M. Harris and S. 
Zalipsky, "Chemistry and Biological Applications of Polyethylene 

30 Glycol", ACS Books, Washington, D.C., 1997). PEGs are 
preferably used because of their water solubility, and low or 
non-toxicity. ^"PEG" represents compounds comprising the 

following structure: 
-(CH2CH20)n- [Compound 1] 

35 wherein, n is a natural number of 2 or more. 
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For example, a typical PEG is exemplified by compounds 
comprising the following structure: 
HO-(CH2CH20)„-H [Compound 2] 

wherein, n is a natural number of 2 or more. 

PEGS can comprise any desired modified derivatives, for 
example, in which a hydroxyl group or such is substituted in the 
terminal of the above structure. For example, monomethylether 
(n.PEG) , in which a hydroxyl group on one end of the main cha.n 
10 has been substituted, is preferably used in this inventxon. 
PEGS may be linear or branched. For example, PEGs comprxsxng 
one, two, three, or more side chains can be used. These sxde 
chains may comprise the ethyleneglycol structure. PEGs o 
various molecular weights are available. For example, PEG2 00 
15 (average molecular weight: 2000), PEG3000 (average -^^^---^^^ 
weight: 3000), PEG4000 (average molecular weight: 4000), PEG5000 
(average molecular weight: 5000), PEG8000 (average molecular 
weight: 8000), PEGIOOOO (average molecular weight: 10000), or 
PEG20000 (average molecular weight: 20000) can be preferably 
20 used By using a PEG that comprises a functional group for 
cross-linlcage, the PEG can be attached to the envelope prote.n 
having the hemagglutinating activity. 

For example, a PEG comprising a primary amino group on its 
terminus can be cross-linked with an acylation reagent (Buckmann, 
25 A et al (1981) Makromol. Chem. 182:1379; Zalipsky, S. et al 
(1983) Eur. Polym. J. 19: 1177; Eidelman, 0. et al (1991) Am. J 
Physiol. 260 (Cell Physiol 29): C1094; Pillai, V.N.R. et al 
(1980) J. org. Chem. 45:5364). Alternatively, PEG can be simply 
cross-linked using an N-hydroxysuccinimide (NHS) -activated ester, 
30 activated carboxylic acid, activated aldehyde, or such, 
specific examples of PEG- carboxylic acid NHS esters are PEG- 
succinimidyl succinate, PEG-succinimidyl carbonate, PEG- 
succinimidyl propionate, and PEG-succinimidyl butanoate (Olson, 
K et al (1997) J. M. Harris & S. Zalipsky Eds., Poly (ethylene 
35 glycol), 'chemistry & Biological Applications, pp 170-181, ACS, 
Washington, DC; Harris, J. M. and Kozlowski, A., US Patent No. 
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5,672,662). Furthermore, benzotriazole carbonate derivatives of 
PEG form a stable urethane bond with protein amino groups 

(Dolence, Eric K., US Patent No. 5,650,234). A PEG comprising 
an aldehyde group on its terminus can be also used. Aldehyde 
5 groups can react with amines under milder conditions than for 
NHS ester. For example, PEG-propionaldehyde can be preferably 
used (Harris, J.M. et al (1984) J. Polym. Sci. Polym. Chem. Ed. 
22: 341; Kinstler, Olaf B. et al., U. S. Patent 5,824,784; Wirth, 
P. et al (1991) Bioorg. Chem. 19: 133). Furthermore, a 
10 maleimide derivative of PEG can be cross-linked to a thiol group 

(Goodson, R.J. & Katre, N.V. (1990) Bio/Technology 8: 343; Kogan, 
T.P. (1992) Synthetic Comm. 22, 2417). Carboxymethyl-NHS 
derivatives, norleucine-NHS derivatives, tresylate derivatives, 
epoxide derivatives, carbonylimidazole derivatives, and FN? 
15 carbonate derivatives of PEG can be also used. In particular, 
PEG tresylate and PEG succinimidyl propionate can be preferably 
used. 

The compound can be bound, for example, by preparing 
virions comprising an envelope protein with hemagglutinating 

20 activity at a concentration of about 1 mg protein/ml, and 
attaching the compound preferred to be attached at about 0.1 to 
100 mg (preferably about 1 to 50 mg) to the virions. For 
example, by reacting SPA-PEG5K (1 to 5 mg) or SPA-PEG20K (about 
10 to 20 mg) with the virus (1 mg protein) in a buffer solution 

25 (pH8.5), it is possible to significantly reduce the 
hemagglutinating activity of the virus and yet maintain the 
ability of the virus to introduce a pharmaceutical or gene into 
cells. Since the attachment of a compound to the protein may be 
affected by reaction conditions, such as the amount of the 

30 compound used in the reaction, conditions are appropriately 
adjusted so as to significantly reduce the hamagglutinating 
activity and maintain the ability to introduce a pharmaceutical 
or gene into cells. 

For example, when attaching a compound to a minus-strand 

35 RNA virus, the ratio of the amount of compound to virus, 
expressed as the molar amount of the compound and the protein 
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weight of the virus, can be set at 1 to 10 pinol/mg protein 
(compound: virus ratio), more preferably 2 to 8 jomol/mg protein, 
and further more preferably 3 to 8 pmol/mg protein, for example, 
about 4 |jmol/mg protein. 
5 To avoid loss of the ability to introduce a pharmaceutical 

or gene into cells, the molecular weight of a compound to be 
attached is preferably 100,000 Da or less, more preferably 
80,000 or less, more preferably 60,000 or less, and more 
preferably 50,000 or less. Particularly, compounds with a 
10 molecular weight of 40,000 Da or less, more preferably 35,000 or 
less, more preferably 30,000 or less, more preferably 25,000 or 
less, more preferably 20,000 or less, are preferable to maintain 
the introducing ability and specifically reduce hemagglutinating 
activity. 

15 As shown in Example 28, when modifying the hemagglutinin 

protein, the ability to introduce a pharmaceutical or gene was 
revealed to be even further enhanced by further modifying the 
protein with an aliphatic polyamine, such as a polyethyleneimine 
(PEI) . ^^PEI" stands for compounds comprising the following 

20 structure: 

- { CH2CH2NH ) n [ Compound 3 ] 

wherein, n is a natural number of 2 or more. 

For example, attaching PEI to the PEG-modified derivative 
of a minus-strand RNA virus can enhance its gene-introducing 

25 ability significantly. In this case, the ratio of the amount of 
PEI to virus, expressed as the weight of the compound and the 
protein weight of the virus, can be set at 0.001 to 1 
(compound/virus ratio), more preferably 0.01 to 0.2, and more 
preferably 0.01 to 0.1. PEI comprising an average molecular 

30 weight of, for example, 25 kOa to 750 kOa can be preferably used, 
but is not limited thereto. 

Furthermore, in this invention, it was found that even when 
the efficiency of pharmaceutical or gene introduction is reduced 
or lost upon attachment of a compound to a hemagglutinin protein, 

35 this introduction efficiency can be retained by attaching a 
compound with cell-binding activity to a complex comprising this 
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protein. Thus, it has become possible to prepare the 

pharmaceutical- or gene-carrier compositions of this invention 
without limiting the molecular weight of the compound to be 
attached to the envelope protein. The present invention 
5 provides pharmaceutical- or gene-carrier compositions comprising 
a cell membrane containing a minus-strand RNA virus, envelope 
protein with hemagglutinating activity, wherein: (a) a compound 
is attached to the protein; (b) hemagglutinating activity is 
reduced compared to a composition to which the compound is not 

10 attached; (c) the composition comprises a complex formed from 
the protein together with a compound comprising cell-binding 
activity; and (d) the composition has the ability to introduce a 
pharmaceutical or gene into target cells. Even when a compound 
is bound to the envelope protein to inhibit hemagglutinating 

15 activity and gene introduction, it is possible to inhibit 
hemagglutinating activity and yet maintain gene introduction 
ability by further incorporating a ligand in to the compound. A 
'"ligand" is a compound that binds to a receptor on the cell 
surface, activating the receptor function. For example, when 

20 using an antibody F(ab')2 fragment (MW: about 50 kDa) , keeping 
down the amount of binding antibody fragment can retain a gene- 
introducing ability of the viral vector relative to the residual 
hemagglutinating activity. However, even when hemagglutinating 
activity is completely inhibited, a vector's gene-introducing 

25 ability can be dramatically enhanced by binding the antibody 
with a ligand (folic acid) having cell-binding activity (see 
Examples) . 

Forming a complex between a compound having cell-binding 
activity and an envelope protein with hemagglutinating activity 

30 means that the compound and the protein bind to each other 
directly or indirectly (for example, via another compound), by a 
covalent or non-covalent bond. Bonds may be either covalent or 
non-covalent . For example, a composition may comprise a cell 
membrane comprising an envelope protein having hemagglutinating 

35 activity and a compound having cell-binding activity. The 
compound with cell-binding activity must be exposed on the 
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surface of the complex. For example, when the complex is a 
virion, the protein and the compound may exist on the viral 
envelope surface. Alternatively, when the complex is a liposome, 
the protein and the compound may exist on the surface of the 
liposome. in order to bind a compound with cell-binding 
activity to the complex, for example, the compound can be cross- 
linked to a desired envelope protein comprised in the complex, 
or preferably to an envelope protein with hemagglutinating 
activity. Cross-links can be formed using a desired functional 
group in a similar way to that described above. Alternatively 
If the compound is a protein, it can be expressed as a membrane 
protein in the envelope, or as a fusion protein with an envelope 
protein comprised in the complex. In a preferred embodiment, a 
compound with cell-binding activity binds directly to the 
compound attached to the envelope protein with hemagglutinating 
activity, through a covalent or non-covalent bond. The compound 
with cell-binding activity can also be the same compound that is 
attached to the envelope protein with hemagglutinating activity 
The present invention relates to methods for producing 
pharmaceutical- or gene-carrier compositions which comprise a 
cell membrane comprising a minus-strand RNA virus envelope 
protein having reduced hemagglutinating activity, wherein the 
method comprises the steps of: (a) contacting a compound with 
the protein; and (b) binding the protein and the compound; and 
further (i) attaching a compound with cell-binding activity to 
the compound. step (i) may be performed before step (a) or 
simultaneously with step (a) or step (b) , or in between step (a) 
and step (b) , or after step (b) . step (i) is preferably 
performed before step (a) . Alternatively, a compound that has 
already undergone step (i) may be attached to the minus-strand 
RNA virus envelope protein with hemagglutinating activity. 

Any preferred compounds can be used as compounds with cell- 
binding activity, so long as they are capable of binding to a 
cell surface, and thereby assisting a composition of this 
invention to introduce a pharmaceutical or gene into cells. For 
example, compounds binding to cell surface proteins or cell 
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surface sugar chains can be used as such compounds. Specific 
examples are viral envelope proteins, natural or synthetic 
ligands, hormones, or cell adhesion factors. Specifically, 
folic acid, transferrin, erythropoietin, antibody, lectin, 
5 galactose, mannose, and such can be used. 

Among them, in this invention, folic acid was proved to be 
extremely effective in maintaining the pharmaceutical- or gene- 
introducing ability of the complex comprised in the compositions 
of this invention. The present invention provides 

10 pharmaceutical- or gene-carrier compositions which comprise a 
cell membrane comprising a minus-strand RNA virus envelope 
protein with hemagglutinating activity, wherein (a) a compound 
is attached to the protein; (b) hemagglutinating activity is 
reduced compared to a composition to which the compound is not 

15 attached; (c) the composition comprises a complex formed by the 
protein and folic acid; and (d) the composition has the ability 
to introduce a pharmaceutical or gene into target cells. In 
particular, folic acid preferably binds directly to the compound 
attached to the protein. 

20 When producing the compositions of this invention* using a 

compound with cell-binding activity, a particularly preferable 
compound to be attached to the envelope protein with 
hemagglutinating activity is an antibody that binds to the 
protein- In a preferred embodiment the compositions of this 

25 invention are compositions comprising an envelope protein with 
hemagglutinating activity bound with an antibody or fragments 
thereof, wherein the envelope protein forms a complex with the 
compound with cell-binding activity. That is, the present 
invention relates to pharmaceutical- or gene-carrier 

30 compositions which comprise a cell membrane comprising a minus- 
strand RNA virus envelope protein with hemagglutinating activity, 
wherein (a) an antibody or fragment thereof that binds to the 
protein is bound to the protein; (b) hemagglutinating activity 
is reduced compared to a composition to which the compound is 

35 not attached; (c) the composition comprises a complex formed by 
the protein and the compound with cell-binding activity; and (d) 
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the composition has the ability to introduce a pharmaceutical or 
gene into target cells. The compound with cell-binding activity 
)re preferably bound directly to the antibody or fragments 
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thereof. 

in this invention, antibodies include monoclonal antibodies 
and polyclonal antibodies. They further include antisera 
obtained by immunizing experimental animals such as rabbits with 
the proteins of this invention, all classes of polyclonal 
antibodies and monoclonal antibodies, and further, human 
antibodies, and humanized antibodies that result from gene 
recombinations. Polyclonal antibodies are produced by, for 
example, preparing an envelope protein having hemagglutinatmg 
activity, or partial peptides thereof; and immunizing a rabbit, 
goat, sheep, or such with this protein or peptide as an antigen. 
AS an antigen peptide, the extracellular domain of the envelope 
protein with hemagglutinating activity, or fragments thereof, 
can be used. Antigen peptides can be appropriately coupled to 
other proteins, for example, carrier proteins such as keyhole 
limpet hemocyanin and albumin for irmuunization . Monoclonal 
antibodies can be prepared by using the spleen cells of 
immunized mice or rats to obtain hybridomas that produce 
monoclonal antibodies. Antibodies can be prepared by methods 
known in the art (Harlow, E. and Lane, D. (eds.). Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988; 
Shepherd, P. and Dean, C. (eds.). Monoclonal Antibodies: A 
Practical Approach (Practical Approach Series, 227), Oxford Univ 
Press 1999) . Polyclonal antibodies can be purified from sera, 
while' monoclonal antibodies can be purified from hybridoma 
culture supernatants or ascites of animals inoculated with 
hybridomas, using coimnon biochemical techniques such as aimaonium 
sulfate fractionation, protein G Sepharose column, affinitiy 
columns with an iimnobilized antigen, etc. In this invention, an 
antibody that binds to an exterior region (an extracellular 
domain) of an envelope protein with hemagglutinating activity, 
35 is preferably a monoclonal antibody, and more preferably an HN-1 
described in Example 12, can be used (Miura et al., Exp. Cell 
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Res., 1982, 141, 409-420). The antibodies in this invention may 
be antibody fragments, so long as they bind to the envelope 
proteins with hemagglutinating activity (antigen proteins), and 
comprise, for example, a Fab, Fab(t), Fab', F(ab')2/ antibody 
5 variable region fragment (Fv), single chain Fv (scFv) , or 
modified derivative thereof. Fab is a complex consisting of one 
polypeptide chain comprising an antibody H chain variable region 
and one polypeptide chain comprising an L chain variable region. 
These polypeptides bind with each other to form one antigen- 
ic binding site (monovalent) . Although Fab is typically obtained 
by digesting immunoglobulins with papain, in this invention, 
fragments comprising a structure equivalent thereto are also 
referred to as Fab. Specifically, Fab includes a dimeric 
protein in which immunoglobulin L chain and polypeptide chains 
15 comprising an H chain variable region (Vh) and ChI are linked. 
Fab' (obtained by digesting immunoglobulin with pepsin followed 
by cleaving the disulfide bond between H chains), Fab(t) 
(obtained by digesting immunoglobulin with trypsin) , and such 
also have structures equivalent to that of Fab. Furthermore, 
20 F(ab')2 means an antibody whose constant region is deleted, or a 
protein complex comprising a structure equivalent thereto, and 
specifically refers to a protein complex of two complexes, 
consisting of one polypeptide chain comprising an antibody H 
chain variable region and one polypeptide chain comprising an L 
25 chain variable region. F(ab')2 is a divalent antibody 

comprising two antigen-binding sites. F(ab')2 is typically 
obtained by digesting an antibody with pepsin at around pH 4, 
and comprises the H chain hinge region. However, F(ab')2 may be 
digested with other proteases, or cleaved with pharmaceuticals, 
30 or artificially designed. scFv stands for a polypeptide in 
which an antibody H chain variable region and L chain variable 
region are comprised in a single polypeptide chain. An H chain 
variable region and an L chain variable region are joined via a 
spacer of appropriate length, binding with each other to form an 
35 antigen-binding site. Such antibody fragments can be prepared 
from, for example, descriptions in ''New Biochemistry Experiments 
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(Shin Seikagaku Jikken Kouza) 12, Japanese Society of 
Biochemistry, ed. Molecular I^unology III pp 185-195 (Tokyo 

7oT« r'" '""'"^ ^"""-iogy, volume 1. 

Wohn Wiley . sons, Inc.,". ^tibody fragments can be obtained 
by digesting antibodies with proteolytic enzymes such as pepsin 
papain, or trypsin. Alternatively, antibody fragments can be 
prepared by identifying the amino acid sequences of the variable 
regions, and expressing these sequences as recombinant proteins 
Furthermore, antibodies also include humanized antibodies 
10 human antibodies. Antibodies can be purified by affinity 
chromatography using a protein A column, protein G column, and 

in this invention, it is particularly preferable to attach 
15 K T ^"■"^■^""^ " -tibody variable region (antigen- 
binding region, to the envelope protein with hemagglutinating 
activity. Any preferred fragments that comprise variable 
regions of H chain and/or L chain of antibody can be used as 

F(ab Fv, SCFV, or modified derivatives thereof 
20 ^ in this invention, the pharmaceuticals to be transferred 
into cells may be any preferred compounds, such as naturally 
occurring compounds, synthetic compounds, inorganic or organic 
compounds, and small or macromolecular compounds. Furthermore, 
the genes to be delivered by a composition of this invention may 
be any preferred nucleic acids, exemplified by nucleic acids 
such as DMA or RNA, and derivatives thereof. Nucleic acids may 
be cyclic and linear single- or double-stranded deoxyribonucleic 
or ribonucleic acids. Examples of nucleic acid derivatives are 
the phosphothioate and phosphodithioate . Specific examples of 
30 pharmaceuticals or genes to be delivered by the compositions of 
this invention are: antisense nucleic acids (Drug Delivery 
Zl °^ Chemistry, 

91 97, 1995,,- triple-stranded DNAs (Saibokogaku, vol. 13 No 4 
77-285, 199.,; plasmid DNAs (Methods Enzymology, 221, 317-;27; 
1993); RNA vectors; and complexes of these substances and 
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carriers (Proceedings of National Academy of Sciences of United 
States of America, 89, 7934-7938, 1992) or proteins (Journal of 
Biological Chemistry, 266 (6), 3361-3364, 1991); and anticancer 
drugs, antiviral drugs, toxins (diphtheria toxin (Biochim 
5 Biophys Acta, 1192, 253-262, 1994); lysine (Biochim Biophys Acta, 
1070, 246-252, 1991)), enzymes (Immunology, 81, 280-284, 1994), 
and other preferred biologically active substances. A preferred 
gene can also be inserted into a genomic nucleic acid and 
expressed from a recombinant virus. 

10 The compositions of this invention can be used in direct 

administration (in vivo) and indirect administration (ex vivo) 
to the living body, and furthermore, can be administered into 
cells outside the living body (in vitro). In in vivo 

application, the composition may be administered through any 

15 preferred administration route, as long as the pharmaceutical or 
gene can reach a target cell or tissue. Depending on the 
properties of the active ingredients, administration can be 
performed, for example, orally, percutaneously, intranasally, 
perbronchially, intramuscularly, intraperitoneally, 

20 intravenously, intraarticularly, or subcutaneously, but is not 
limited to these routes. Furthermore, the compositions can be 
administered systemically or locally. In in vitro (including ex 
vivo) administrations, the compositions of this invention are 
attached so as to contact target cells, for example, they are 

25 attached into cell cultures. Since the compositions of this 
invention are extremely stable in blood in particular, they are 
useful as injections that are used for administration into the 
blood, such as for intravenous injections. 

Complexes comprising a cell membrane comprising a minus- 

30 strand RNA virus envelope protein with hemagglutinating activity, 
prepared by a method of this invention, can be combined with a 
preferable and pharmacologically acceptable carrier or vehicle, 
as necessary. ''Pharmacologically acceptable carriers or 

vehicles" are materials that can be administered together with 

35 the complex, and do not significantly inhibit the introduction 
of a pharmaceutical or gene into cells via this complex. 
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compounds can be formulated by appropriately combining, for 
example, sterilized water, physiological saline, culture medium 
solution, serum, and phosphate-buffered saline (PBS). When a 
minus-strand RNA vector is proliferated in hen eggs, the 
composition may contain allantoic fluids. Furthermore, the 
compositions of this invention may comprise carriers or vehicles 
such as deionzied water and 5% dextrose aqueous solution; 
stabilizers for liposome membranes (e.g. sterols such as 
cholesterol); antioxidants (such as tocopherol and vitamin E) ; 
and additionally, plant oils, suspension agents, surfactants, 
stabilizers, biocides, and such. 

Furthermore, preservatives and other additives can be 
attached thereto. The compositions of this invention may be in 
any form, such as an aqueous solution, capsule, suspension, or 
15 syrup, and also in the form of a solution, freeze-dried 
preparation, or aerosol. In the case of freeze-dried 

preparations, the compositions of this invention may comprise, 
as a stabilizer, sorbitol, sucrose, amino acid, various proteins, 
etc. compositions comprising a minus-strand RNA viral vector 
20 are useful as reagents and pharmaceuticals. 

Those s)cilled in the art can appropriately determine the 
dose of the compositions of this invention, which varies 
depending upon the disorder, patient body weight, age, gender, 
and symptoms, the purpose of administration, dosage form of 
25 composition, administration method, type of pharmaceutical or 
gene to be introduced, and such. When the composition comprises 
an infective minus-strand RNA virus, it is preferably 
administered with a pharmaceutically acceptable carrier, 
preferably in a dose in the range of about 10^ ClU/ml to about 
30 10" ClU/ml, more preferably about 10^ ClU/ml to about 10 ClU/ml, 
and most preferably about Ix 10« ClU/ml to about 5x 10« ClU/ml.^ 
in humans, a single dose is preferably in the range of 2x 10 
CIU to 2x 10" CIU, and administration may be carried out once or 
a number of times within a clinically acceptable range of side 
35 effects. The same can be said of the nunJoer of daily 
administrations. For non-human animals, an amount can be 
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administered that is calculated from the above-described doses, 
based on the body weight ratio or volume ratio of target site of 
administration (e.g. average values) between a target animal and 
a human. 

5 The animals to be administered the compositions of this 

invention are not particularly limited, and are, for example, 
birds, mammals, and other vertebrates, such as chickens, quails, 
mice, rats, dogs, pigs, cats, bovine, rabbits, sheep, goats, 
monkeys, and humans. When the methods of this invention are 
10 used in vitro (including ex vivo), for example, humans, non- 
human mammals, and birds can be used. When the methods of this 
invention are used in vivo, non-human mammals and birds are used 
in particular. 

Furthermore, the present invention relates to an antibody, 

15 or fragments thereof, that bind to a minus-strand RNA virus 
envelope protein with hemagglutinating activity, wherein a 
compound binding to the cell is coupled to the antibody or 
fragments thereof. Such an antibody, or fragments thereof, bind 
to the envelope protein via attachment to a minus-strand RNA 

20 virus or processed products thereof, and thus reduces 
hemagglutinating activity, while a cell-binding compound 
maintains the function of assisting in viral adhesion to the 
cell. Therefore, such an antibody or fragments thereof are 
extremely useful in producing the pharmaceutical- or gene- 

25 carrier compositions of this invention. The antibody or 
fragments thereof may be any preferred fragments comprising 
variable regions of an L chain and/or H chain of an antibody as 
described above. More specifically they are preferably Fab, 
Fab(t), Fab', F(ab')2/ Fv, scFv, and such. Among them, F(ab')2 

30 is preferably used, in particular. As the cell-binding 
compounds, ligands of cell surface receptors are particularly 
preferred, such as folic acid transferrin, erythropoietin, 
antibody, lectin, galactose, mannose, etc. 

The antibodies of this invention, or fragments thereof, can 

35 be formed into a composition together with pharmaceutically 
acceptable carriers. Such carriers comprise, for example, water. 
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alcohol, glycerol, salts, proteins, and gelatin, and pH 
buffering agents, stabilizers, suspending agents, and 
preservatives known in the art. 

Furthermore, this invention relates to kits which comprise: 
(a) an antibody or fragments thereof binding to a minus-strand 
RNA virus envelope protein with hemagglutinating activity, 
wherein a compound is bound to the antibody or fragments 
thereof; and (b) a pharmaceutical- or gene-carrier composition 
which comprises a cell membrane comprising the envelope protein. 
Examples of a pharmaceutical- or gene-carrier composition 
comprising a cell membrane that comprises the envelope proteins 
include infective virions, inactivated viruses, or liposomes 
comprising a viral envelope. Infective virions may be, for 
example, minus-strand RNA viruses or other viruses comprising an 
envelope protein with hemagglutinating activity of the minus- 
strand RNA virus. A pharmaceutical- or gene-carrier composition 
with reduced hemagglutinating activity can be prepared by adding 
an above-described antibody or fragments thereof, to these 
viruses, and thereby binding the antibody or fragments thereof 
to the envelope protein. For example, hemagglutinating activity 
can be appropriately controlled, according to the purpose, to 
enhance stability in blood or such for in vivo administration. 
These compositions can be easily prepared by mixing kit 
components prior to use, thus producing a very easy to use 
delivery system. 

Brief Description of the Drawings 

Fig. 1 is a diagram showing PEG-modif ication of the 
envelope proteins (HN and F proteins) of SeV vector, using TPEG- 
and SPA- PEG modification reagents. 

Fig. 2 is a graph of the results of measuring SeV vector 
and TPEG-modified SeV vector hemolytic activity toward rat blood, 
at 37°C for 15 minutes. 

Fig. 3 is a bar graph showing the results of examining SeV 
vector and TPEG-modified SeV vector stability in rat blood. 
After treatment at Sl^C for one, 15, and 30 minutes, the plasma 
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was separated and HeLa cells were infected. After 24 hours, the 
expression level of LacZ gene was quantified. The results are 
shown as the mean value of three determinations ± the standard 
deviation. 

5 Fig. 4 is a photograph showing the SeV vector and TPEG- 

modified SeV vector subjected to SDS electrophoresis and then 
silver staining. Arrows indicate the electrophoretic positions 
of HN protein and F protein. Lane 0 corresponds to the SeV 
vector, while lanes 8 to 10 correspond to sample numbers 8 to 10 

10 in Table 2, respectively. 

Fig. 5 is a series of photographs showing the results of 
using X-gal staining method to assess LacZ expression levels 
after introducing the SeV vector and SPA-PEG5K-modif ied SeV 
vector into LLCMK2 cells, in the presence of rabbit anti-SeV 

15 antiserum (10-, 100-, and 1,000-fold diluted sera). 

Fig. 6 is a diagram illustrating the selective modification 
of HN protein comprised in the SeV vector with a folic acid- 
bound anti-HN monoclonal antibody. 

Fig. 7 is a graphic representation of the HAU of SeV 

20 vectors modified with HN-1, HN-l/F (ab' ) 2/ or the folic acid- 
bound antibodies thereof, prepared by NHS method. The y-axis 
represents antibody concentration, and the x-axis represents the 
logarithm of hemagglutinating activity (log2(HAU)). 

Fig. 8 is a bar graph representing the hemolytic activity 

25 of SeV vector, HN-l-modif ied SeV vector, and folic acid-bound 
HN-l-modified SeV vector toward chicken erythrocytes. The 
results shown were obtained for SeV vector at Ix 10^, Ix 10^, and 
Ix 10^ pfu/ml. Modified vectors are Ix 10^ pfu/ml of each SeV 
vector modified with 100 ^ig/ml of antibody. The x-axis in the 

30 figure is the absorbance at 570 nm, showing the amount of 
released hemoglobin measured. 

Fig. 9 is a bar graph representing LacZ gene expression two 
days after infecting KB cells with SeV vector, HN-l-modified SeV 
vector, and folic acid-bound HN-l-modified SeV vector. In the 

35 infection experiments, conditions of excessive folic acid were 
created by adding 1 mM folic acid into the culture medium. The 
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results are shown as the mean value of three determinations ± 
the standard deviation. 

Fig. 10 is a bar graph showing LacZ gene expression two 
days after infecting KB cells with SeV vectors modified with HN- 
1, HN-1/F(ab')2 or their folic acid-bound derivatives. The 
results are shown as the mean value of three determinations ± 
standard deviation. 

Fig. 11 is a graphic representation of changes in HAU for 
SeV vectors modified with HN-1 or folic acid-bound HN-1 
prepared by the EDC method, in the presence of various amounts 
of ^ntxbodies. The y-axis represents antibody concentration, 
and the x-axis represents the logarithm of erythrocyte 
agglutination activity (log2{HAU)). 

Fig. 12 is a graphic representation of changes in the PEG- 
15 modified SeV titer. SeV was modified with varying amounts of 
PEG, and the relative infection efficiency (%) of modified SeV 
vectors was examined. 

Fig. 13 is a graphic representation of changes in the HA 
activity of PEG-modified SeV. SeV was modified with varying 
20 amounts of PEG, and the HA activity of modified SeV vectors was 
examined. 

Fig. 14 is a bar graph showing the correlation between the 
anfectivity and HA activity of PEG-modified SeV, indicating that 
PEG-modification can increase infectivity relative to HA 
25 activity. 

Fig. 15 is a series of photographs showing the results of 
analyzing constituent proteins of PEG-modified SeV using silver 
staining. Bands derived from envelope F and HN proteins 
decreased as the reacting PEG amount was increased, and 
alternative bands appeared in macromolecular fractions. 

Fig. 16 is a series of photographs showing the results of 
analyzing constituent proteins of PEG-modified SeV by Western 
blotting. 

Fig. 17 represents a series of bar graphs and photographs 
showing the resistance of PEG-modified SeV against neutralizing 
antibody. Resistance was compared under conditions where the 
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total virion number (total protein amount) of modified SeV was 
fixed. 

Fig. 18 illustrates an in vivo assessment of PEGIOK- 
modified SeV, showing the administration schedule and 
5 administration conditions of modified SeV, and changes in the 
anti-SeV antibody titer. 

Fig. 19 is a series of photographs representing an in vivo 
assessment of PEGlOK-modif led SeV, showing expression of the 
introduced gene in a lung, for the in vivo administration of the 
10 modified SeV of Fig. 18. 

Fig. 20 is a series of bar graphs showing the holding 
effect of PEG-modified SeV infectivity under 4''C storage 
conditions . 

Fig. 21 is a bar graph showing the modification effect of 
15 polyethyleneimine {PEI750K) . PEI increased the infectivity of 
PEG-modified SeV. 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be specifically 
20 described using Examples, but is not to be construed as being 
limited thereto. References cited herein are all incorporated 
as a part thereof. 

[Example 1] Preparation and purification of SeV vector 

25 comprising NLS-LacZ gene 

NLS-LacZ/SeV carrying LacZ gene with a nuclear localization 
signal (NLS-LacZ) was prepared by a previously published method 
(Kato et al., Genes Cells, 1996, 1, 569-579; Hasan et al., J. 
Gen. Virol., 1997, 78, 2813-2820). This vector was inoculated 

30 to 10-day-old embryonated hen eggs. After incubation at 35.3°C 
for three days, allantoic fluids were harvested, and centrifuged 
at 4,000 rpm for 15 minutes. The obtained supernatant was then 
centrifuged at 10,000 rpm for one hour to precipitate the vector. 
After resuspension in PBS, the vector was layered on a sucrose 

35 density gradient (30%/50%) , and centrifuged at 25,000 rpm for 
one hour (in a Beckman rotor SW28) . The vector at the sucrose 
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interface was harvested, centrifuged, precipitated, and then 
resuspended in PBS to prepare a stock solution of purified 
vector (hereinafter, described as SeV vector) . The protein 
concentration of the vector was measured by a BCA protein assay 
(Pierce), using the vector solubilized with an equal volume of 
2% SDS solution as a sample, and using BSA as the standard. 
Hemagglutination units (HAU) were determined as described below. 
In a 96-well round bottom plate (Asahi Technoglass) , the vector 
was serially diluted two-fold with PBS (50 ^1 per well). 50 ^il 
of 1% chicken erythrocytes solution washed with PBS was added to 
each well, incubated at 4°C for one hour, and then assessed. 
HAU was expressed as the maximum vector dilution ratio that 
caused hemagglutination. Furthermore, plaque forming units 
(pfu) were calculated using the following formula: 1 HAU of SeV 
= about 10^ pfu/ml. For purified vector, the formula was as 
follows: 1 mg of protein/ml = 4, 096 to 5,120 HAU /ml = about 5x 
10^ pfu/ml. 

[Example 2] Preparation of TPEG-modif ied SeV vector 

The SeV vector stock solution in Example 1 was diluted to 2 
mg protein per ml in PBS . 0.5 ml of 0.5 M borate buffer (pH8.5) 
was added to 0.5 ml of this solution to prepare a 1 mg 
protein/ml solution of pH8.5. 1 mg of Tresyl-activated PEG 
reagent (TPEG, MW: 5,000) (Shearwater Polymers) was added to the 
above-described solution in small amounts while stirring, and 
reacted at room temperature for 90 minutes (Fig. 1). After the 
reaction was completed, the reaction mixture was diluted with 
ice-cold PBS (14 ml), and the vector was recovered by 
centrifuging at 15,000 rpm for one hour (in a Beckman rotor 
SW28.1). The vector was resuspended in PBS (0.8 ml), and the 
TPEG-modif ied SeV vector was obtained. Protein concentration 
and HAU of the modified vector were determined as in Example 1. 



[Example 3] In vitro gene expression using TPEG-modif ied SeV 
vector 
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The SeV vector stock solution in Example 1 was diluted to 
Ix 10^ pfu/ml in PBS. The protein concentrations of the TPEG- 
modified SeV vector solution in Example 2 and the unmodified SeV 
vector solution were normalized, thus rendering an equal number 
5 of virions for both vectors. The day before the experiment, 
HeLa cells (derived from human cervical carcinoma) were plated 
on a 12-well plate (Sumitomo Bakelite) at 5x 10^ cells/well (in 
1 ml/well of MEM medium supplemented with 10% inactivated fetal 
calf serum (FCS) ) . The medium was reduced to 0.5 ml, 50 jil of 

10 the above-described diluted vector solutions were added to each 
well (equivalent to 5x 10^ pfu/well when converted into SeV 
vector, moi= 0.1), and infection was carried out at ST'^C in the 
presence of 5% CO2. After one hour, the vector was removed and 
the cells were washed twice with medium. Fresh medium (2 ml) 

15 was added to the cells, which were then further incubated at 
ST'C in the presence of 5% CO2 for 24 hours. . LacZ gene 
expression was measured using the Galacto-Light Plus™ (Tropix) 
protocol, and cellular proteins were measured using the BCA 
method (Pierce) . The results were expressed in light units 

20 (RLU/jig protein) . 

Table 1 shows the HAU of TPEG-SeV vector and gene 
expression level by the vector. For the same protein 
concentration, that is, for the same number of virions, the HAU 
of TPEG-SeV vector was 1/2, 000 or less of that of SeV vector. 

25 At the same time, for the same number of virions, TPEG-SeV 
vector retained approximately 50% of the gene expression level 
in HeLa cells. Thus, it has now become possible to prepare a 
vector in which only HAU is remarkably reduced, without 
seriously damaging its ability to introduce a gene into cells. 

30 



Table 1 



Protein Concentration 




LacZ Expression Level 


(mg/ml) 


HAU/mg 




(RLU/jig cell protein) 


SeV Vector 0.93 


5120 


2335604 ± 72774 


TPEG-Modified 0.99 


2 


1046353 ± 29841 
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SeV Vector 



10 
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[Example 4] Hemolytic activity assay 

Fresh blood, collected from the carotid artery 

..hetia using a heparinized syringe, was 
.ats under ^-r anesth t a us. ^ ^^^^^^^ ^ 

used in -P--^^^-^;';^^^;,, , ,,,e diluted in PBS to prepare 
modified SeV vector of Example 

a series of solutions -^P;--^; ,50 m) were 

A diluted solution of vector (50 ^1) and 

...ed and incubated ^ I j:::,ation. The amount 

ice at 40c, Pl--/^^;^^^;;;^the plasma was measured using 
Of hemoglobin released -^^^ ^^^3,;^,,, P3S was used in place 
absorbance at 570 nm (OD570) . 0D5 

Of the vector solution was _,,ol (100% 

OD570 Of distilled water was j;;^;/;;^,^, ,,,eulated 
hymolysis) . The hemolytic activity of the 

using the following formula: ^^^^^^ ^^^^^^^^^ _ 

Hemolytic activity (o) - U _ (0^570 with 

(OD570 with PBS)]/[(OD570 of distilled water) 

PBS)] X 100. seV vector showed strong concentration- 

's shown in Fig. 2 SeV t^emolytic 
„t^emoiV^^^^^^ vtctl was found to be extremely 

1000 r Of TPEC-modif ied SeV vector had a hemolytic 
low. 1000 ^g of ^^^^^^^ indicating an 

activity equivalent to that of ^g ^p^^. 
25 approximately 200-fold improvement of vector 

modification. 

^--p- 5, n.ute. With PBS .0 IX 10. 

TpbS so Z the viral protein concentration was e.ual to 
„ith PBS tha solution and 

r r: est s; I die, -ere .i.ea, ana incubated at 

Mte" prll^r^nea ti»e. an SO .1 Mood sample was 
35 c llectea ana plas^ was recovered centri.o^.n, at C. 
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Using 50 jil of a solution prepared by diluting 10 ^1 of plasma 
50-fold in PBS, LacZ gene expression in HeLa cells was examined 
by the method set forth in Example 3. 

As shown in Fig. 3, SeV vector was significantly 
5 destablized immediately after blood treatment, and the 15-minute 
blood treatment decreased its gene expression ability to 1/1000 
of the untreated SeV vector. On the other hand, the stability 
of TPEG-modif ied SeV vector in blood was improved, indicating 
remarkably high gene expression ability compared to the 
10 unmodified vector. 

[Example 6] Preparation of SPA-PEG2K-modif led SeV vector 

The SeV vector stock solution in Example 1 was diluted with 
PBS to adjust the concentration to 2 mg protein/ml. This 

15 solution was diluted two-fold with 0.5 M borate buffer (pH8.5) 
to prepare a 1 mg/ml protein solution. Succinimidyl propionic 
acid derivative PEG reagent (molecular weight 2000) (SPA-PEG2K, 
Shearwater Polymers) (1, 2, or 4 mg) was added to the above- 
described solution in small amounts while stirring, and this was 

20 reacted at room temperature for 30 minutes (Fig. 1) . After 
completing the reaction, the reaction solution was diluted with 
14 ml of ice-cold PBS, and centrifuged at 13,000 rpm for one 
hour (in a Beckman rotor SW28.1). The vector was collected and 
then resuspended in 0.8 ml of PBS to obtain the SPA-PEG2K- 

25 modified SeV vector (Table 2, sample Nos. 1 to 3) . Protein 
concentration of the modified vector was determined as for 
Example 1 . 



Table 2 



Sample Name 


Sample 

No. 


Reaction Amount 

of PEG (mg) 


HAU/mg 
Protein 


LacZ Gene Expression 
ratio (%) 


SeV Vector 






4096 


100.0 ± 7.5 


(Example 1) 










SPA-PEG2K 


1 


1 _ 


1024 


29.1 ± 2.6 


Modified 


2 


2 


512 


4.7 ± 0.2 
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(Example 6) 3 4 <1 0.5 ± 0.01 



SPA- PEGS K 


4 


1 




J.XD .ft X 14 • Z 


Modified 


5 


2.5 


2048 


93.1 ± 4.2 


(Example 7) 


6 


5 


512 


42.7 ± 4.9 




7 


10 


<1 


1.6 ± 0.1 


SPA-PEG20K 


8 


10 


1024 


95.3 ± 9.7 


Modified 


9 


20 


4 


48.3 ± 1.5 


(Example 8) 


10 


40 


<1 


0.2 ± 0.02 



[Example 7] Preparation of SPA-PEG5K-modif ied SeV vector 

SPA-PEG2K in Example 6 was replaced with SPA-PEG5K (MW: 
5000) (Shearwater Polymers) . The reaction and purification were 
5 similarly performed with reaction amounts of 1, 2.5, 5, or 10 mg 
PEG to obtain SPA-PEG5K-modif ied SeV (Table 2, sample Nos. 4 to 
7) . 

[Example 8] Preparation of SPA-PEG20K-modif ied SeV vector 
10 SPA-PEG2K in Example 6 was replaced with SPA-PEG20K (MW: 

20,000) (Shearwater Polymers). The reaction and purification 
were similarly performed with reaction amounts of 10, 20, or 40 
mg PEG to obtain SPA-PEG20K-modif ied SeV (Table 2, sample Nos. 8 
to 10) . 

15 Fig. 4 shows the results of subjecting SPA-PEG20K-modif ied 

SeV vector to SDS-electrophoresis, and then silver staining to 
stain each constituent protein. As the amount of PEG in 
reaction increased, the bands derived from HN protein decreased, 
and instead, bands appeared in higher molecular weight fractions. 

20 These bands were thought to be derived from the polymerized PEG- 
bound HN protein. On the other hand, a small decrease in F 
protein band was observed. These results showed that, of the 
two proteins HN and F, the HN protein was mainly modified in the 
PEG-modif ication of the SeV envelope. 



25 
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[Example 9] HAU of SPA-PEG-modif ied SeV vector and in vitro gene 
expression by the vector 

HAUs of SeV vector in Example 1 and PEG-modified SeV 
vectors in Examples 6, 7, and 8 (sample Nos . 1 to 10) were 
5 measured using the method described in Example 1. Furthermore, 
LacZ gene expression in HeLa cells was measured using the method 
described in Example 3, except that the MOI was changed to 0.5, 
and the number of days of incubation was changed to two days. 

Table 2 shows HAU and the results of LacZ expression. As 

10 the reaction amount of PEG increased, the HAU of the obtained 
modified SeV vectors decreased. Although LacZ gene expression 
by PEG-modified SeV vectors decreased compared to that of the 
SeV vector, by limiting the reaction amount of PEG as shown in 
Table 2, HAU could be greatly reduced while holding down the 

15 decrease in gene expression ability. Thus, by selecting 
modification conditions, modified vectors with sufficient gene 
expression ability were found to be obtainable. 

[Example 10] In vitro gene expression by SPA-PEG-modif ied SeV 

20 vector in the presence of erythrocytes 

HeLa cells were prepared as in Example 3. The medium was 
removed just prior to the experiment, and 300 fil of PBS-washed 
chicken erythrocytes, adjusted to Ix 10^ cells/ml, were added 
instead. In the control group, PBS was used in place of the 

25 erythrocyte solution. 50 ^1 of each of the SeV vector of 
Example 1 or the PEG-modified SeV vectors of Table 2 (sample Nos. 
1, 2, 4, 5, 6, 8, and 9) were added to the wells to infect the 
cells at 37°C for a short period of 5 minutes. The amounts of 
vector added were adjusted based on Table 2, so as to make the 

30 expression efficiency the same. As for to Example 3, cells were 
treated to measure LacZ gene expression levels 48 hours later. 

Table 3 shows the gene expression levels of each sample in 
the presence of erythrocytes. The results were expressed as 
relative ratios, taking the expression level in the absence of 

35 erythrocytes as 100. For the SeV vector, the presence of 
erythrocytes reduced the level of gene expression to about 20% 



44 



that of the control. On the other hand .n - -^^J-- 
samples, a decrease in was accompanied by a reduced 

"terac ion of the vector with erythrocytes, indicating a hr,h 
ev of ,ene introduction efficiency even in the presence of 
rythrocytes. These results indicate that in a clinical sett.n, 
erytui- y =now a auick qene introduction 

PEG-modified SeV vectors may allow a quicK g 

mediated by blood. 
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Table 3 


Sample 


" LacZ Gene Expression Ratio in the 


Sample Name 


No. 


Presence of Erythrocytes {%) 


SeV Vector 




22.5 ± 4.2 


(Example 1) 






SPA-PEG2K Modified 


1 


47.6 ± 2.0 


(Example 6) 


2 


49.2 ± 13.8 




4 


34.4 + 3.4 


SPA-PEG5K Modified 


5 


46.7 ± 4.0 


(Example 7) 


6 


53.9 + 4.8 


SPA-PEG20K Modified 


8 


46.1 ± 9.7 


(Example 8) 


9 


49.6 ± 6.1 



lExample 11, Gene introduction hy ' SPA-PEG5K-.odi£ied SeV vector 
in the presence of neutralizing antibody 

(1) Preparation of sPA-PEG5K-modif ied SeV vector 

..l.ac./sev vector was prepared and purified as rn Exa^ 
^. and a stoc. solution thereof was prepared. Thrs 
rlacted with 5 mg of SP;.-PEG5K, using the method set forth rn 
Example 7, and the SPA-PEG5K-modif ied SeV vector was prepared. 

::s Of this vector againat ..C«Ka cells were ^ 
.escribed below. On the day before the experiment -^^^ ^^^^ 
were plated onto a 6-well plate (Sumitomo Bakelrte) at Ix 10 
Tells/well (in 2ml/well of 10% rcs-suppleme„ted MEM medium,. 
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The vector was diluted to a concentration of 1 mg protein/ml in 
PBS containing 1% FCS, and a 10-fold serial dilution series was 
further prepared. After removing the medium of the above- 
described cells, 1 ml of the diluted vector solutions was added 
5 to each well, and infection was carried out for one hour at 37^C 
in the presence of 5% CO2. After removing the vector solution, 
the cells were washed with medium, and 2 ml/well of fresh medium 
was added. This was further incubated at Sl^'C in the presence 
of 5% CO2. The medium was removed two days later. After 

10 washing with PBS, cells expressing LacZ gene were X-gal stained 
using a p-Gal staining kit (Invitrogen) . The number of infected 
cells in the visual field of a 200x magnification was counted 
for any ten random spots in a well. Based on mean cell counts 
and area of the visual field, the titer in the well as a whole 

15 was calculated using the following formula: 

LacZ infection titer (ClU/ml) = (number of infected cells) x 
854.865 X (dilution ratio) 

As a result, titers of SeV vector and SPA-PEG5K-modif ied 
SeV vector were 1.4x 10^° ClU/ml and 2.7x 10^ CiU/ml, respectively. 

20 

(2) Gene introduction in the presence of neutralizing antibody 

The SeV vector and SPA-PEG5K-modif ied SeV vector of Example 

11- (1) were diluted with PBS to adjust the titer to Ix lO'' 
ClU/ml. 10-, 100-, and 1000-fold diluted solutions of anti-SeV 

25 antiserum prepared by immunizing rabbits with SeV (treated at 
56°C for one hour) or PBS (30 ^il each) were added to 30 |ul of the 
vector solution, and incubated at room temperature for one hour. 
On the day before experiment, LLCMK2 cells were plated onto a 

12- well plate (Sumitomo Bakelite) at 2x 10^ cells/well (in 1 
30 ml /well of MEM medium supplemented with 10% FCS) . The medium 

was reduced to 0.5 ml, and 40 nl of the above-described 
antiserum-treated vector solution was added to each well, to 
infect cells at 37°C in the presence of 5% CO2 for one hour. 
Then, two days later LacZ gene expression was assessed by X-gal 
35 staining, as for Example 11- (1). 
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As shown in Fig. 5, the gene introduction efficiency of SeV 
vector was remarkably reduced in the presence of the antiseriim. 
On the other hand, SPA-PEGSK-modif ied SeV vector could retain 
sufficient gene introduction ability, even in the presence of 
5 the antiserum. 

[Example 12] Preparation and purification of anti-HN monoclonal 
antibody, HN-1 

Hybridoma cells that produce the anti-HN monoclonal 

10 antibody, HN-1 (Miura et al., Exp. Cell Res., 1982, 141, 409- 
420), were successively passaged in Hybridoma-SFM medium (Gibco- 
BRL) at 37°C in the presence of 5% CG2, and 1000 ml of a cell 
suspension comprising 2x 10^ cells/ml was prepared. The culture 
was further continued for two weeks, and then the supernatant 

15 was obtained by centrifugation at 3, 000 rpm for 10 minutes. 
This supernatant was then filtered through a 0.45 )im filter. 
The monoclonal antibody was purified using Protein G column 
chromatography. The culture supernatant was passed through a 5- 
ml Protein G column (Pharmacia), equilibrated with 20 mM sodiiom 

20 phosphate buffer (pH7.0), using a peristaltic pump (a P-1 pump: 
Pharmacia) at a flow rate of 4.2 ml/min, and the antibody was 
bound to the column. After washing the column with 2 0 mM sodium 
phosphate buffer (pH7.0), the antibodies were eluted with 0.1 M 
glycine-HCl buffer solution (pH2.7). The eluate was neutralized 

25 with 1 M Tris-HCl buffer solution (pH9.0), and then concentrated 
by ultrafiltration {Centriplus-20, molecular weight cutoff 
30,000: Amicon) . After exchanging the buffer with PBS using a 
PD-10 desalting coliimn (Pharmacia), which was equilibrated with 
PBS, the solution was once more condensed by ultrafiltration, 

30 and 160 ^il of HN-1 PBS solution was obtained. The protein 
concentration, as determined by BCA protein assay (Pierce) using 
bovine y-globulin as a standard, was 37.6 mg/ml. 

[Example 13] F(ab')2 fragmentation of the anti-HN monoclonal 
35 antibody, HN-1 
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The purified monoclonal antibody HN-1 of Example 12 was 
diluted with 0.2 M acetate buffer (pH4.5) to adjust the 
concentration to 2 mg protein/ml. 2.35 ml of Pepsin solution 
(Sigma) adjusted to 0.1 mg/ml in 0.2 M acetate buffer (pH4.5) 
5 was added to 2.35 ml of the protein solution, and then reacted 
at 37°C for 21 hours. After neutralizing the reaction mixture 
with 700 |iil of 1 N sodium hydroxide solution, PBS was added to 
the solution to adjust the total volume to 25 ml. This solution 
was loaded onto a 1-ml Protein A column (Pharmacia), 

10 equilibrated with PBS, and unreacted antibody was absorbed to 
the column. Fractions that passed through the column were 
recovered and condensed by ultrafiltration as in Example 12. 
The condensed solution was further purified by the gel 
filtration method using a Sephadex 75 column (Pharmacia) 

15 equilibrated with PBS. The purified solution was condensed by 
ultrafiltration to recover a PBS solution (300 ^il) of the F(ab')2 
' fragment of HN-1 (hereinafter abbreviated as HN-l/F (ab ' ) 2) • 
Protein concentration was measured as for Example 12, and the 
obtained HN-1/F(ab')2 was determined to be 4.08 mg/ml. 

20 

[Example 14] Preparation of folic acid-bound monoclonal antibody 
by NHS method 

(1) Synthesis of NHS-activated folic acid 

Synthesis was performed by the method of Robert et al. 

25 (Journal of Biological Chemistry: Feb. 4, 269 (5), 3198-3204, 
1994) . Specifically, folic acid (Sigma) was dissolved in 
dimethyl sulfoxide (DMSO) to prepare a 50 mg/ml solution. 250 
|il of triethylamine (Pierce) , 470 mg of dicyclohexylcarbodiimide. 
(Tokyo Kasei Kogyo Co., Ltd.), and 2 60 mg of N- 

30 hydroxysuccinimide) (NHS) (Sigma) were added in sequence to this 
solution. The resulting mixture was stirred overnight at room 
temperature in the dark. The precipitated side products were 
removed by filtration, and the filtrate was added in drops to 
250ml of diethylether while stirring. The yellow precipitate 

35 was repeatedly washed with ether, and then dried under reduced 
pressure to obtain NHS-activated folic acid. 
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(2) Preparation of folic acid-bound HN-1 

100 ^il of a PBS solution containing 2.0 mg/ml of the HN-1 
solution purified by the method of Example 12, and 100 ^l of 0.5 
M borate buffer (pHS.O), were mixed and used as a reaction 
solution. 2.5 Hi of the DMSO solution of Example 14- (1) 
containing NHS-activated folic acid (5 mg or 10 mg/ml) was added 
drop-wise to the reaction solution. This was then reacted at 
room temperature in the dark for one hour. The unreacted folxc 
acid was removed using a PD-10 column equilibrated with PBS. 
The protein fraction was recovered, condensed by ultrafiltration 
to obtain the folic acid-bound HN-1, and then protein 
concentration was measured according to Example 12. 

(3) Preparation of folic acid-bound HN-1/F{ab')2 

HN-1 was replaced with an HN-1/F(ab')2 solution, and the 
concentration of NHS-activated folic acid was changed to 10 
mg/ml, and then the reaction and purification were carried out 
as for Example 14- (2), to obtain folic acid-bound HN-l/F (ab' ) 2- 

[Example 15] HA activity of folic acid-bound monoclonal 
antibody-modified SeV vector 

The NLS-LacZ/SeV of Example 1 was diluted with PBS to Ix 
10« pfu/ml, and was dispensed into a 96-well round bottom plate 
at 50 \il per well. The HN-1 purified by the method of Example 
12; the HN-1/F(ab')2 of Example 13; and the folic acid-bound HN- 
1 and folic acid-bound HN-1/F(ab')2 of Example 14 were diluted 
with PBS to adjust their concentrations to 1 ~ 100 ^ig protein/ml. 
50 m of the diluted antibody solutions were respectively mixed 
with the vectors, and left standing at room temperature for 30 
minutes to prepare modified vectors (Fig. 6). HAU was then 
measured by the method of Example 1. 

Fig. 7 shows the results of the HAU measurements. In all 
of the modified SeV vectors, HAU decreased with the increase in 
the amount of added antibodies, becoming undetectable when the 
antibody concentration was 10 jig protein/ml or higher. From 
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these results, it became possible to prepare a folic acid-bound 
antibody-modified SeV vector with a significantly reduced 
interaction with erythrocytes. 

5 [Example 16] Hemolytic activity of folic acid-bound monoclonal 
antibody-modified SeV vector 

The NLS-LacZ/SeV of Example 1 was diluted with PBS to Ix 
10^ pfu/ml, and dispensed into a 96-well round bottom plate at 
50 |il per well. The HN-1 purified by the method of Example 12, 

10 and the folic acid-bound HN-1 by Example 14, were diluted with 
PBS to a concentration of 100 protein/ml. Diluted solutions 
of antibodies or PBS (50 |al each) were mixed with the vector, 
and left at standing at room temperature for 30 minutes to 
prepare modified vectors. Hemolytic activity was examined as 

15 before, with the exceptions that the rat blood in the method of 
Example 4 was replaced with Ix 10^ cells/ml of chicken blood, 
and the incubation time was changed to 30 minutes. 

Fig. 8 shows the results of measuring hemolytic activity. 
The hemolytic activities of SeV vectors modified with HN-1 and 

20 folic acid-bound HN-1 were extremely low, and when compared to 
SeV vector, hemolytic activity was even lower than the hemolytic 
activity of SeV vector at 1/lOOth of its concentration. 

[Example 17] An in vitro gene introduction experiment for folic 
25 acid-bound monoclonal antibody-modified SeV vector 

A modified vector was prepared by changing the titer of the 
SeV vector of Example 15 to Ix 10^ pfu/ml, and the antibody 
concentration to 10 ^ig/ml. On the day before the experiment, KB 
cells (derived from human rhinopharyngeal carcinoma) were plated 
30 onto a 12-well plate at 2x 10^ cells/well (in folic acid-free 
RPMI1640 medium supplemented with 10% FCS: Gibco-BRL, 1 ml/well). 
One hour before the experiment, the medium was replaced with 0.5 
ml of folic acid-free RPMI1640 medium or the same medium 
supplemented with 1 mM folic acid. 20 Kil of the above-described 
35 vector were added to each well, and cells were infected at 37°C 
in the presence of 5% CO2. Three hours later, the vector was 
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removed, cells were washed twice with the medium, and 2 ml of 
fresh medium was added to each well. Wells were then incubated 
for 48 hours at 31^C in the presence of 5% CO.. LacZ gene 
expression was measured as in Example 3. 

Fig. 9 shows the results of LacZ gene expression in KB 
cells. Gene expression by the HN-l-modif ied SeV vector was 
1/100 or less than that by the unmodified SeV vector, indicating 
a decrease in gene introduction with the loss of HAU. On the 
other hand, a significant increase in gene expression was 
observed for the folic acid-bound HN-1 compared to the HN-1 
without folic acid, Showing about 15% of the gene introduction 
of the unmodified SeV vector. Gene introduction using the folic 
acid-bound HN-1 was observed to be inhibited when excessive 
folic acid was present in the medium. This suggests that gene 
15 introduction by the folic acid-bound HN-1 occurs via the binding 
of folic acid, which is bound to HN-1 as a ligand, to the folic 
acid receptor of KB cells, followed by fusion mediated by F 
protein. ^ 

In Fig. 10 a comparison of when the antibody molecule was 
HN-1/F(ab')2 was carried out. A high level of gene introduction 
was observed in HN-1/F(ab.). as well as in HN-1, only when folic 
acid bound to the antibody. 
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[Example 18] Preparation of folic acid-bound HN-1 by EDC method 

and assessment of the modified antibody 

(1) Preparation of folic acid-bound HN-1 by EDC method 

Preparation was by the method reported by Leamon et al 
(Journal of Biological Chemistry, 1992, 267 (35), 24966-24971) 
That is, 21.7 mg/ml of l-ethyl-3- (dimethylaminopropyl) 
carbodiimide (EDC: Sigma) in dimethyl sulfoxide (DMSO) (1 ^) 
was added to 10 mg/ml folic acid (Sigma) in DMSO (1 ml) The 
mixture was then left to stand at room temperature in the dark 
for 30 minutes. This folic acid-EDC solution (16.6 m) was 
added drop-wise while stirring to the HN-1 solution (300 m) of 
Example 12, adjusted to a concentration of 1 mg protein/ml with 
PBS. The resulting mixture was reacted at room temperature in 
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the dark for one hour, and then folic acid-bound HN-1 was 
obtained as in Example 14- (2). 

(2) HA activity of folic acid-bound HN-l-modif ied SeV vector 

5 By replacing the folic acid-bound HN-1 of Example 15 with 

the folic acid-bound HN-1 of Example 18- (l), a modified vector 
was prepared and HAU was measured. 

As shown in Fig. 11, the folic acid-bound HN-1 prepared by 
the EDC method was also effective in eliminating the HAU by 
10 modifying SeV vector. 

(3) Gene expression by folic acid-bound HN-l-modif ied SeV vector 

Modified vectors were prepared using a solution of SeV 
vector (Ix 10*^ pfu/ml) in Example 1, and HN-1 in Example 12 and 
15 folic acid-bound HN-1 in Example 18- (1) (both 100 ^ig/ml) . A549 
cells (human lung carcinoma) were used in addition to the KB 
cells of Example 16, and the infection experiment was similarly 
carried out. 

Table 4 compares the gene expression in KB cells, in which 
20 the folic acid receptor is expressed at a high level, and that 
in A549 cells practically devoid of this receptor (Wang et al., 
Bioconjugate Chemistry. 1997, 8, 673-679) . The folic acid-bound 
HN-l-modified SeV vector showed a high level gene introduction 
in KB cells, but only in the absence of excessive folic acid. 
25 This indicated that the folic acid ligand that displaces the HN 
protein hemagglutinating activity mediates the introduction of 
specific genes by binding to folic acid receptors. 

Table 4 
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lExa^pl. 191 preparation and purification of GFP-carryin, SeV 

vector ^ 

SeV/GFP carrying GFP gene was prepared by a known method 
(Kate et al.. Genes Cells, 1996, 1, 569-579; Hasan et al , J. 
Gen Virol., 1997, 78, 2813-2820). This vector was inoculated 
to 10-day-old embryonated hen eggs. After incubating at SS.SOC 
for three days, allantoic fluids were harvested and centrxfuged 
at 4°C for 30 minutes at 3,000 rpm. The resulting supernatant 
was centrifuged at 4°C and 35,000 x g ^ ^^^^^^^ 

precipitate the vector. The vector was resuspended xn PBS and 
re-centrifuged at 4<>C and 3,000 rpm for 30 minutes, and then the 
supernatant was centrifuged at 4°C and 35,000 x ^ 
to precipitate the vector. The vector was resuspended xn PBS to 
15 prepare a stock solution of purified vector (^---^^- 
referred to as SeV vector) . The protein concentratxon of the 
vector was measured with a BCA Protein assay (Pierce), using the 
vector solubilized with an equal volume of 3% Triton X-lOO 
solution as a sample, and BSA as the standard. The 
concentration of the purified vector was about 1 mg protexn/ml. 

[Example 20] Preparation of SPA-PEG2K-modif ied SeV vector 

Borate buffer (pH8.5) (0-5 ml) was added to the stock 
solution of SeV vector in Example 19 (0.5 ml) to prepare a 
solution of 0.5 mg protein/ml (pH8.5). 0, 2, 4, 6, 8, and 10 mg 
of succinimidyl derivative of PEG propionic acid reagent (MW: 
2000) (SPA-PEG2K, Shearwater Polymers) was added xn small 
amounts to the above-described solution while stirring. Thxs 
solution was then reacted at room temperature for one hour. 
After the reaction was completed, the reaction solution was 
centrifuged at 4°C and 15,000 rpm for one hour. The resultxng 
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precipitate was suspended in ice-cold PBS, and re-centrif uged at 
4°C and 15,000 rpm for one hour to recover the vector, which was 
then re-suspended in PBS (0.5 ml) to obtain the SPA-PEG2K- 
modified SeV vector. The protein concentration of this modified 
5 vector was determined as in Example 19. 

[Example 21] Preparation of SPA-PEG5K-modif led SeV vector 

SPA-PEG5K-modif ied SeV was prepared and purified as in 
Example 20, after replacing the SPA-PEG2K in Example 20 with 
10 SPA-PEG5K of MW: 5000 (Shearwater Polymers), and using PEG 
reaction amounts of 0, 5, 10, 15, 20, and 25 mg. The protein 
concentration of this modified vector was determined as in 
Example 19. 

15 [Example 22] Preparation of PEG2NHS-10K-modif ied SeV vector 

SPA-PEG5K-modif ied SeV was prepared and purified as in 
Example 20, after replacing the SPA-PEG2K in Example 20 with 
PEG2NHS-10K of MW: 10000 (two-branched; Shearwater Polymers), 
and using PEG reaction amounts of 0, 5, 10, 15, 20, and 25 mg. 

20 Protein concentration of the modified vector was determined as 
in Example 19. 

[Example 23] Hemagglutinating activity (HAU) and in vitro 
infectivity (CIU) of PEG-modified SeV vector 

25 The hemagglutinating activity (HAU) and in vitro 

infectivity (CIU) of the PEG-modified SeV vectors set forth in 
Examples 20, 21, and 22 were examined. As shown in Figs. 12, 13, 
and 14, the HAU and CIU of the above-described three types of 
PEG-modified SeV vectors were measured, indicating a tendency 

30 for reduced HAU and CIU with an increasing amount of PEG in 
reaction. The larger the molecular weight of PEG derivatives, 
the smaller the degree of reduction in HAU and CIU caused by 
increasing their reaction amounts. Furthermore, when the 
correlation beteen HAU and CIU was examined, the CIU per HAU for 

35 SeV modified with an appropriate amount of SPA-PEG5K was about 
7-8 times that of the unmodified vector. These results are 
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thought to show the possibility of maintaining infectivity by 
PEG modification, while reducing hamaggultination and improving 
the stability of SeV vector in blood. 

HAU was determined as follows: Vector was serially diluted 
5 2-fold with PBS (50 Ml) using a 96-well round bottom plate 
(Asahi Technoglass) . 50 m of a 1% solution of chicken 
erythrocytes, washed with PBS, was added to each well, and then 
left to stand at 4°C for one hour, whereupon hemagglutination 
was measured. HAU was expressed as the maximum dilution ratio 
10 to cause hemagglutination. 

CIU was determined as follows: Vector was serially diluted 
10-fold with PBS / 1% BSA, and was then used to infect confluent 
LLC-MK2 cells in a 24-well plate at 10 jxl/well. Two days later, 
the number of GFP-expressing cells per well was counted to 
15 calculate CIU. 



[Example 24] Confirmation of PEG modification 

The PEG-modified SeV vectors described in Examples 20, 21, 
and 22 (0.5 ^g/lane) were subjected to SDS-PAGE analysis. As 
Fig. 15 shows, when the constituent proteins of viral vectors 
were analyzed by gel silver staining, the bands derived from 
envelope proteins F and HN decreased with increasing reaction 
amounts of PEG, and instead, bands appeared in higher molecular 
weight fractions. A smaller decrease in the amount of F protein 
25 compared to HN protein is likely to indicate that more HN 
proteins have been modified than F proteins. Furthermore, as 
Fig. 16 shows, when the F and HN proteins, the envelope proteins 
of the PEG-modified SeV vectors, were analyzed by Western 
blotting using rabbit anti-Fl polyclonal antibody and mouse 
30 anti-HN monoclonal antibody, the obtained results were similar 
to those obtained by silver staining analysis. 

[Example 25] In vitro gene introduction by PEG2-NHS10K-modif ied 
SeV vector in the presence of neutralizing antibody 

^^^^ "it^ Example 22, PEG2-NHS10K-modif ied SeV was 

obtained by reaction and pur^ f -i ca<--i or nc!-!-,r, >-^= ^- ■ 

fui t.a.,^on, using reaction amounts of 
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0, 15, 20, and 25 mg of PEG. Protein concentration of the 
modified vector was determined as in Example 19. The vector 
solution was diluted with PBS / 1% BSA to a concentration of 
0.01 ^g/^1. The anti-SeV antiserum, prepared by immunizing 
5 rabbits (at 56''C for one hour) with SeV, was diluted 10-, 100-, 
and 1000-fold, and this or 35 }xl of PBS / 1% BSA was added to 35 
111 of the vector solution, and then reacted at room temperature 
for one hour. 20 ^,1 of the above-described vector solution, 
which was treated with the antiserum, was added to each well of 

10 a 24-well plate of confluent LLC-MK2 cells, and infection was 
carried out. GFP expression on the third day after the 
infection was assessed by taking photographs using a 
fluorescence microscope, and a fluorescence plate reader, was 
used to quantitatively assess GFP fluorescence intensity at 

15 fluorescence wavelength 530 nm and excitation wavelength 485 nm. 

As shown in Fig. 17, the unmodified SeV vector showed a 
tendency for reduced infection efficiency with increasing 
antibody concentration, however, this decrease was suppressed by 
modifying the vector with PEG2-NHS10K. The infection efficiency 

20 was higher than that of the unmodified vector at all tested 
antibody concentrations, showing a maximum improvement in 
infection efficiency of about 70%. 

[Example 2 6] In vivo gene introduction by PEG2-NHS10K-modif ied 
25 SeV vector 

Mice were repeatedly administered with the unmodified SeV 
control vector prepared with Omg of PEG, and the PEG-modified 
SeV vector prepared with a reaction amount of 20 mg of PEG, both 
prepared in Example 25. As shown in Figs. 18 and 19, mice were 

30 divided into five groups; for the first administration, a 
lucif erase-carrying SeV was intranasally administered to mice to 
produce the anti-SeV antibody; and two weeks later, the second 
administration was performed using GFP-carrying unmodified SeV 
as a control in group B and PEG-modified SeV in group C, 

35 respectively. Group A served as the untreated control, and 
groups D and E as the single administration controls. Blood 
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samples were collected from mice prior to the fxrst 
administration, one week after the first administration, and two 
weeks after the first administration to measure antx-SeV 
antibody titers using a commercially available ELISA kxt 
5 (Prezyme "Seiken", Denka Seiken Co., Ltd.). In mice of groups 
and C which had received the first administration, the elevatxon 
of the anti-SeV antibody titer was observed. On the day two 
weeks after the first administration when the antibody titer was 
sufficiently elevated, the second administration was performed. 
10 TWO days later, mice were dissected, and GFP expression in lung 
was observed using a fluorescence microscope to take photographs. 

AS shown in the fluorescence photographs of Fig. 19, sev 
infection was observed over a wide range, and no great 
differences between the unmodified and PEG-modified vectors were 
15 observed. In the second administration, the unmodified SeV 
showed almost no GFP expression from the full image, and even xn 
the enlarged image, expression was only sparsely ^^--^^ - 
portions of the lung surface. On the other hand, the PEG- 
xnodified sev, although had a lower GFP expression than xn the 
20 first administration, showed more GFP-expressing cells over a 
wider range compared to the unmodified SeV. As shown xn the 
specifically enlarged image, colonies of GFP-expressxng cells 
were observed. 

[Example 27, Effects of n^intaining infectivity of PEG-modified 

SeV at 4°C storage condition 

PEG2NHS-20K-modified SeV and PEG2NHS-40K-modif ied SeV were 
prepared and purified in the similar fashion by respectively 
replacing SPA-PEG2K in Example 20 with PEG2NHS-20K of MW: 20000 
(two-branched; Shearwater Polymers), using reaction amounts of 
^0 20, and 40 mg of PEG; and replacing with PEG2NHS-40K of MW: 
40000 (two-branched; Shearwater Polymers), using reactxon 
amounts of 20, 40, and 80 mg of PEG. Protein concentrations of 
modified vectors were obtained as in Example 19. 
35 CIUs of the above-described PEG-modified SeVs and the 

untreated SeV stored at 4°C for 8 and 20 days were measured 
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using the method in Example 5. As shown in Fig. 20, in the 
untreated SeV control, the titer decreased to 1/3 after two 
weeks of storage at 4°C, while SeVs modified with appropriate 
amounts of macromolecular two-branched PEGs retained a maximum 
5 infection efficiency of nearly 80%. 

[Example 28] Improvement of infection efficiency of PEG-modified 
SeV by PEI modification 

SPA-PEG5K-modif ied SeV vector prepared with reaction 

10 amounts of 0, 5, 10, and 15 mg of PEG in Example 21 was modified 
using polyethyleneimine of MW: 750000 (PEI; SIGMA), at the 
PEIrSeV weight ratio of 0, 0-01, 0.025, 0.05, 0.1, and 0.2 to 
measure the infection efficiency toward LLC-MK2 cells (see 
Example 23 for the measurement method) . As shown in Fig. 21, 

15 adding a certain amount of PEI had the effect of increasing the 
infection efficiency of PEG-modified SeV about 10-fold. The 
greater the PEG modification, the better the improvement effect 
PEI has on infection efficiency. Similar results were also 
obtained using PEI of MW 25000 (Sigma) . 

20 

Industrial Applicability 

An important technical field in pharmacotherapy or gene 
therapy relates to systems for delivering biologically active 
substances, such as pharmaceuticals (macromolecular compounds, 

25 in particular) and nucleic acids, to target cells or 
intracellular organelle, namely, drug delivery systems 
(hereinafter, simply referred to as DDS) . DDS can be 
implemented by using a viral vector, or by administering a 
composition in which a preferred biologically active substance 

30 is enclosed in or carried by an artificial or semi-artificial 
carrier. The present invention enables the reduction of 
hemagglutinating activity in both types of DDS, improving 
stability in blood and gene introduction efficiency. For 
example, in DDS that use a viral vector, a viral vector with 

35 specifically reduced hamagglutinating activity can be produced 
by applying this invention to a minus-strand RNA viral vector or 
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a pseudotyped viral vector derived from a gene of said virus 
encoding the envelope protein with hemagglutinating activity, or 
such. Furthermore, this invention enables the reduction of 
hemagglutinating activity also in the case of an artificial 
5 preparation of liposome and such. Compositions for DDS produced 
using this invention are extremely effective in in vivo 
application. 
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CLAIMS 

1. ^ A pharmaceutical- or gene-carrier composition which 
comprises a cell membrane comprising a minus-strand RNA virus 

5 envelope protein with hemagglutinating activity, wherein: 

(a) a compound is attached to the protein; 

(b) the hemagglutinating activity is reduced compared to a 
composition to which the compound is not attached; and 

(c) the composition comprises the ability to introduce a 
10 pharmaceutical or gene into a target cell. 

2. The composition of claim 1, further wherein 

(d) hemolytic activity toward erythrocytes is reduced compared 
to. a composition to which the compound is not attached. 

15 

3. The composition of claim 1 or 2, which comprises an 
infective virion of the minus-strand RNA virus. 

4. The composition of claim 1 or 2, which comprises an 
20 inactivated minus-strand RNA virus, or an envelope portion of 

the virus. 

5. The composition of any one of claims 1 to 4, wherein the 
minus-strand RNA virus is a Paramyxoviridae family virus. 

25 

6. The composition of claim 5, wherein the Paramyxoviridae 
family virus is the Sendai virus - 

7. The composition of any one of claims 1 to 6, wherein the 
30 compound attached to the protein has a molecular weight of 1,800 

or more. 

8. The composition of claim 7, wherein the compound attached to 
the protein has a molecular weight of 4,500 or more. 
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, ™e composition of clai. S, -herein the compound attached to 
L protein has a ..oaecular »ei,ht of 16,000 or .ore. 

10. The composition of any one of claims 1 to 9 "herein the 
S compound attached to the protein is polyethylene glycol. 

U The composition of any one of claims 1 to 10, wherein the 
Utein further forms a comple. «ith polyethylenermrne. 

* ^ianm<? 1 to 11/ wherein the 
10 12 The composition of any one of claims 1 ^o x , 

wii-h a cell-binding compound, 
protein forms a complex with a cexx 

13 The composition of claim 12, wherein the oell-hindin, 
compound is bound to the compound attached to the protern. 

15 . -, • 10 or 13 wherein the compound 

or fragment thereof - 

^ ^i^-iTn<:? 12 to 14, wherein the 
20 15. The composition of any one of claims 12 t , ^^^^ 

cell-binding compound is a Irgand for a recep 
surface - 

le. The composition of claim 15, wherein the ligand is folic 



25 acid. 



1.. .n .ntibody bound to = ---riirr:i::e";:ot:r„ 

The antibody or fragment thereof of claim 11. "hich is 



30 

18. 
F(ab' )2- 



1, The antibody or fragment thereof of claim 17 or IS wherein 
35 tie cell-binding compound is a ligand for a receptor on 



surface , 
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20. The antibody or fragment thereof of claim 19, wherein the 
ligand is folic acid. 

21. A pharmaceutical- or gene-carrier kit which comprises: 

(a) an antibody or fragment thereof which binds to a minus- 
strand RNA virus envelope protein comprising hemagglutinating 
activity, and to which a cell-binding compound is bound; and 

(b) a pharmaceutical- or gene-carrier composition comprising the 
envelope protein. 
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ABSTRACT 



The present invention provides pharmaceutical- or gene- 
carrier compositions with reduced hemagglutinating activity. By 
attaching a compound to a minus-strand RNA virus envelope 
protein having hemagglutinating activity, a pharmaceutical- or 
gene-carrier composition with lower hemagglutinating activity 
than a composition to which the compound has not been attached 
can be successfully constructed. For example, an embodiment of 
the present invention provides a viral vector whose erythrocyte 
agglutination activity and hemolytic activity are significantly 
lowered, and whose stability in blood is remarkably elevated. 
The pharmaceutical- or gene-carrier compositions provided in 
this invention can be preferably used for transferring 
pharmaceuticals or genes in vivo. 
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